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SUPERHEATED STEAM DRIER FOR LUMBER See page 508 for comprehensive 
review experience with high-temperature drying lumber Germany. 
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PATENTED SHEARING BAR PROTECTS 
CUTTERHEAD AND PRESSURE BAR 


Structural superiority the built-in profit 
margin you get with Buss planers. Example? 
The Buss patented shearing bar heavy steel 
plate, machined knife edge, extending 

the entire length the cutterhead and bolted 
above the pressure bar. This shearing bar 
breaks loose knots; prevents them from jamming 
between cutterhead and pressure bar and 
damaging these parts. Results? Higher quality 
uniform planing, and shaving printing.” 
Why not put Buss advantages work for you? 
Write for complete information. 


MACHINE WORKS, INC. 
Subsidiary Greenlee Bros. Co. 
234 EIGHTH STREET, HOLLAND, MICHIGAN 


PLANER SPECIALISTS SINCE 1862 
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Technical Notes Wanted 


improve our service readers, the 
‘Publications Committee has recommended 
that the Journal publish brief technical 
notes research and production 
developments. 


acceptable note could describe 
research project progress, new im- 
proved equipment techniques, appli- 
cation research findings applied prob- 
lems, new and improved production 
techniques. 


Please tailor your contribution 
maximum length 400, 600, 800 1,200 
words, including illustrations tables. 
Deduct approximately words for each 
column inch illustrative material. All 
manuscripts must typed 
with one ribbon copy and one carbon. 


Photos must clear, glossy prints 
standard sizes. Graphs and charts must 
drawn with black ink tracing cloth, 
vellum, heavy white bond. 


For legibility, lettering height the 
reproduction must least 1/16 inch. 
Thus, original drawing inches wide 
must have 3/16-inch lettering legible 
when reduced 2-1/4 inches. Curves 
should also heavy enough withstand 
reduction. 


Please address your contributions the 
Editor, Forest Products Journal, 417 North 
Walnut St., Madison, Wis. 


sure your cards and 
packages are signed, sealed 
and delivered with 
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Two million pine seedlings. 


They were planted decade ago 


The day that Masonite forests. Last year they 


matured. 


two million seedlings Masonite hardboard. 

find them homes walls, 

ceilings, doors, siding, cabinets, shut- 
ters, partitions, underlayment, val- 
ances, radio and sets, bookcases, 
tables, desks, dressers, magazine 
racks, play pens, and even children’s 
wading pools. 
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fy 


find them farms. sheds. 
farrowing pens. poultry feed- 
ers. storage bins. silo linings. 
hog shades. grain chutes. 


we 


find them all modes trans- 
portation: buses, airplanes, ships, 
trailers, trucks, railroad freight cars 
and passenger cars. 


Everywhere you go, find these 
pine seedlings work Masonite 
hardboard. see them outdoor 
signs and traffic markers. office 
equipment and window displays. 


This year Masonite planted nearly 
three million pine seedlings. the 
time they grow up, there will prob- 
ably dozens new uses for 
Masonite hardboard. 


wonder more and more seedlings 
are planted every year! 


Masonite Corporation, Dept. FPJ-11, 
Box 777, Chicago 90, 


MASONITE 


CORPORATION 


®Masonite Corporation—manufacturer quality panel products for building and industry. 
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from the 
President’s Desk 


HIS MONTH MUST RISK the displeasure the person 


who said that economists should men with only one arm 
September, this column touched the long time between the 
appearance piece knowledge and its application. has 
been said that scholarly knowledge progresses only slowly, 
and not orderly front. But even though this may true, 
cannot afford rely complacently that fact. 


Within few weeks the editor design magazine has de- 
scribed how many his wild speculations only few years 
ago have now turned into practice, rapidly beyond his expec- 
meeting made his presentation based upon talk originally 
prepared about years ago. that time, his purpose was 
stimulate his listeners speculating applications one 
class his company’s products, with examples purposely 
chosen have impractical flavor. After only this short in- 
terval, has been astonished find most his proposals 
current industrial practice, the verge that stage. 
this company’s income, percent comes from products 
that did not exist years ago, that likely that our 
speakers’ experience could have been similar with other types 
producis than the one covered. 


This company, compared with those the forest products 
industry, very large, and makes many varied products. 
Its philosophy leads aggressive marketing, what 
calls and reliance patents. Con- 
sistent with this attitude, turns something like one third 
one half its earnings into research, which cover the range 
from basic research through development for production and 
marketing. 


What would prevent any company the forest products 
field, regardless size, from operating under similar philo- 
sophy? And what would the results did? 


Donald Saunders 
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NEW ANNUAL MEETING DATES 


FPRS 16th Annual Meeting will held 
instead June 24—28. (See 
story next page.) 


Elastomeric Adhesives Theme Upper Mississippi Meet 


Members and guests the Upper 
Mississippi Valley Section were shown 
the Wood Box 3—M,” 
the Minnesota Mining and Manufac- 
turing Co., the Section’s annual fall 
meeting September St. Paul. 

Theme the meeting, which at- 
tracted approximately registrants, 
also included excellent presentation 
basic philosophy manage- 
ment and research and preview 
new products and processes under 
development the research 
laboratories. 

The staff members who con- 
ducted the program were frank 
their admission that their recent re- 
search efforts elastomeric adhesives 
have not been specifically slanted to- 
wards the wood-using industries. 

George Crane, advertising man- 
ager Adhesives, Coatings, 
and Sealers Division, put it: 

“We were little reluctant ac- 
cept your Section’s invitation because 
have not directed our efforts 
wood uses. hope, however, 
spark some new idea where 
elastomeric adhesives can applied 
the manufacture wood products.” 

Crane then went describe and 
demonstrate nearly dozen different 
adhesives, coatings, and sealers— 
ranging from high-strength, heat-re- 
sistant contact cements tough, per- 
manently flexible sealers. 


business meeting was conducted 


Section Chairman Ropella. 
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Co-chairmen Neetzel, University Minnesota, and Wise, Wood Conversion Co., 
register FPRS President Donald Saunders recent UMV meeting St. Paul. 


Crane was followed 
Maher, marketing manager for 
division. haven’t seen 
the limits elastomeric adhesives; 
each day sees new use,” said Maher, 
“and surprising how often that 
new use was wild, impractical dream 
only year two ago.’ 


q 


George Crane demonstrated types 
elastomeric adhesives. 


Maher described industry skull 
session few years ago. “We inten- 
tionally presented and 
fetched, radical, and what the time 
may have appeared impractical 
ideas for adhesive applications 
wide range industries. less than 
years, the majority these ideas 


adhesive application. 
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Dickinson, Rafters Inc., welcomed 
FPRS supporting member Ropella, 
left, and FPRS President Saunders, right. 


have resulted new product 
application that either commercially 
available well along the develop- 
ment stage. invite you present 
your ideas, sit down and work 
together determine their feasibil- 
Maher concluded. 

brief business meeting 
lowing the technical presentation, 


members and guests examined elasto- 
meric adhesives used products ranging 
circuits wood floor tiles. 


officers announced that the next 
meeting would held sometime 
April 1962 the Twin City area, 
with fire retardants the theme. 


The meeting concluded with ban- 
quet the White Pine Inn, Bayport, 
Minn. Honored guests included FPRS 
President Saunders and the So- 


Anaconda Company Creates 
Forest Products 
Division 
Expansion The Anaconda Com- 
pany’s lumber operations into inte- 
grated logging, milling, fabricating 
and selling organization has been an- 
nounced Clyde Weed, Chair- 
man the Board. The Anaconda 
timberlands are located western 
Montana, and its lumber mill the 
town Bonner, near Missoula. 
new endeavor, which will require 
substantial investment, will create one 
the largest forest products organiza- 
tions the Weed said. 


Sheridan 


The new organization will known 
Anaconda Forest Products, divi- 
sion The Anaconda Company. Im- 
mediate plans call for the building 
planing mill, the complete 
modernization the present sawmill, 
and the construction plant for the 
processing lumber into consumer 
products. All these facilities will 
located Bonner, and are pro- 
grammed for completion the end 
1962. 
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The young lady enjoyed brisk swing sup- 
strate strength and speed contact cements. 


ciety’s newest Supporting Member, 
Harold Dickinson, treasurer, Raft- 
ers, Inc., Olivia, Minnesota. 


Banquet speaker, Robert 
University Minnesota, presented 
fascinating series colored slides 
6-month geologic expedition 
Antarctica. 


this initial program com- 
Weed said, “Anaconda will 
have integrated timber products or- 
ganization which can perform all oper- 
ations from the forest 


Ailport 


Robert Sheridan, formerly the 
company’s western operations head- 
quarters Butte, has been named 
general manager the new division 
Dix has been named sales man- 
ager expanded sales organiza- 
tion, and John Ailport has been ap- 
pointed production manager. Formerly 
Dix was manager, and Ailport, super- 
intendent, the Bonner mill. George 
Neff the land manager the 
organization. 


Wood Drying Division Requests 
1962 National Meeting Papers 


The first call for papers concerned 
with the drying lumber, veneer, 
and wood particles, has been issued 
David Lowery, Wood Drying Di- 
vision Program Chairman. Persons 
organizations interested preparing 
papers for the 1962 National Meeting 


the Wood Drying Division are re- 
quested write Mr. Lowery the 
Federal Building, Missoula, Montana. 
order insure place the pro- 
gram, early response necessary. 
previous years, the Division has 
sponsored outstanding programs 
unusual interest. Papers submitted 
from drying specialists the 
world have elicited great deal 
comments and discussion. 
gram for the 1962 National Meeting 
promises another great in- 
terest the Division’s membership. 


Dates Changed for FPRS 
Annual Meeting 
1962 


FPRS President-elect, Veazey, 
recently announced that the 16th An- 
nual Meeting the Society will 
held Spokane, Washington, June 
instead the previously re- 
ported dates June 


President-elect Veazey, who chair- 
man the technical program, said 
that the new dates will enable the 
committee provide better facilities 
for the meeting and better accommo- 
dations for FPRS members and guests 
the Davenport Hotel Spokane, 
which will the headquarters hotel. 


The 1962 meeting being spon- 
sored the Inland Empire Section 
FPRS. Robert Jones, president, 
Lumber By-Products Co., Spokane, 
general chairman. 
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NEW TRANSFER 
MEMBERS SEPTEMBER 


Section Officers please note. Each 
month will publish the new 
transferred-into-the Section members 
for the previous complete month. 
New members are listed boldface 
type, transfers regular type. Let- 
ters parentheses after the mem- 
bers name indicate: (A), associate; 
(V), voting; (s), student; and (S), 
supporting. 


Barr (V), Phenix Chair Com- 
pany, Inc., West Jefferson, North 
Carolina 

Charles Carey (V), Drexel Fur- 
niture Morganton, North 
Carolina 

Donald Nelson (s), Glen Street, 
Morgantown, West Virginia 

Northcott (V), 3009 Leonard 
Street, Raleigh, North Carolina 


EASTERN CANADIAN 


John Hayward (V), Perkins Glue 
Co. Canada Ltd., Golfview 
Place, Kitchener, Ontario, Canada 

Ernest Oppenheim (A), Lumber 
Wood Prod. Trading Co., 
North View Terrace, Toronto 
Ontario, Canada 


GREAT LAKES 


Thomas Fetters (s), 1414 Sta- 
dium Blvd., Ann Arbor, Michigan 
Lyle Winkel (V), 27863 Palmer 
Lane, Madison Heights, Michigan 
Robert Ward (s), 1643 Hillcrest 
Road, Cleveland Heights 18, Ohio 


INLAND EMPIRE 


Hofstrand (V), University 
Idaho, College Forestry, Moscow, 
Idaho 

Edwin Lucas, Jr. (s), 7014 Ash- 
land Drive, Boise, Idaho 


MID-SOUTH 


Burroughs, Jr. (A), Fordyce 
Lumber Company, Estes Road, 
Fordyce, Arkansas 

Hubert Gray (V), Fan-Air Sys- 
tems, Inc., 114 Wellington St., 
Box 2303, Memphis Tenn. 

Richard Smeltzer (s), 1037 
Hobson, Sapulpa, Oklahoma 

Henry Huber (V), Wood Tech- 
nologist, Bruce Co., Box 
397, Memphis Tenn. 


MIDWEST 
Gale Carlson (A), Sheffield 
Doors, Inc., Sheffield, 
Russell Conklin (A), Box 235, 
Truax Field, Madison Wisconsin 
Earl Gingerich (s), 201 Curtis 
Hall, ISU, Ames, Iowa 
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FPRS SECTION MEMBERSHIP GOALS 


Wanted: 331 New Members June 1962 


New 


Members 


Section Section Goal 
Midwest 
Ohio Valley 
Great Lakes 
Upper Mississippi Valley 
Mid-South 
Northeast 
Eastern Canadian 
Carolinas—Chesapeake 
Southeastern 
Pacific Northwest 
Inland Empire 
Northern California 
Rocky Mountain 
Pacific Southwest 

Total 300 


Membership Chairmen are: Midwest, Newstedt; Ohio Valley, 
Seng; Great Lakes, Franz; Upper Mississippi Valley, Wise; 
Mid-South, Russell; Northeast, McCormack; Eastern Canadian, 
Bois; Pacific Northwest, Tom McKenna; Inland Empire, Bruce; 
Northern California, Collins Orton; Rocky Mountain, Bader; Pacific 
Southwest, Ripley, Jr. Help Your Membership Chairman Meet His 


Quota! 


Robert Ross (s), 136B Hadley-Major 
Hall, Pershing Group, Columbia, 
Missouri 


NORTHEAST 
Gil Godin (A), Johns—Manville 
Corp., Valley Road, Millington, 
New Jersey 


PACIFIC NORTHWEST 
First National Bank Oregon 
(Sup.), Attn: Grant Perry, 
V.P., Box 3457, Portland 
Oregon 
Marsh 
Company (Sup.), Attn: 
Morehouse, V.P., Equitable Build- 
ing, Portland Oregon 
Lawrence McMinimy (s), 1363 
Monroe, Apt. Corvallis, Oregon 
Portland Iron Works (Sup.), Attn: 
Lester Andersen, Pres., 1335 
Northrup Street, Portland 
Oregon 


SOUTHEASTERN 
Wm. Ingram (A), National 
Casein Company, Box 10521, Sta- 
tion Atlanta 10, Georgia 


UPPER MISSISSIPPI VALLEY 
Rafters, Inc. (Sup.), Attn: Harold 
Dickinson, Olivia, Minnesota 
Robert Erickson (s), 4640—3rd 

Ave., So., Minneapolis, Minnesota 


Percent Goal for New Percent 
Goal Supporting Goal 
Attained Members Attained 
100 


Dr. Ellwood Head Wood 
Products Work State 


Dr. Eric Ellwood, formerly 
wood technologist the University 
California Forest Products Labora- 
tory, was recently appointed professor 
and head the Department Wood 
Products North Carolina State Col- 
lege School Forestry. 


The Department Wood Products 
includes curricula Wood Technol- 
ogy and Pulp and Paper well 
research activities these fields. Dr. 
Ellwood will also serve Director 
the Wood Products Laboratory. 


Dr. Ellwood holds degrees from 
Melbourne and Yale, and has been 
actively engaged research and de- 
velopment forest products for 
years. Before joining the Laboratory 
California, was staff member 
the Australian Forest Products 
Laboratory. 


active member FPRS, Dr. 


recently served vice chair- 


man the Northern California Sec- 
tion. has also been leader 
committee work for the Divisions 
Wood Drying and Anatomy and Fun- 
damental Properties, and frequent 
contributor the Forest Products 
Journal. 
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Stap!e Nailer 


new Duo-Fast Staple Nailer, 
called Model S-170, has been devel- 
oped for the furniture and wood- 
working industries Fastener Cor- 
poration, Franklin Park, Illinois. The 
S-170, important addition the 
drives 16-gauge staples with 1-inch 
wide crown, lengths from 21/32 
1-1/4 inches long. 

especially suited for jobs such 
bonding mitered corners case 
goods work. The extra wide crown 
the staple provides the holding power 
over wide span needed for such 
jobs. The wide crown design also 
enables woodworkers 
men great variety other 
fastening jobs. 

The S-170 similar construction 
and operation the S-762 and S-763 
staple nailers formerly introduced 
Fastener Corporation. Like these 
Duo-Fast tools, the heavy 
duty staple driving tool that develops 
hard driving power with low air pres- 
sures. The tool may operated 
little PSI. Write for more 


information. Circle Item 


Urethane Resin For 
Marine Finishes 


Boat owners can now protect the 
wood surfaces their craft with 
clear urethane coatings that will keep 
their original gloss and smoothness 
least twice long regular spar 
varnishes. The key the varnishes’ 
outstanding performance the new 
Nelco 70-A urethane resin with which 
the urethane coatings are for- 
mulated. Made Northeastern Lab- 
oratories Company, Inc., Brooklyn, 
Y., the block adduct resin gives 
the finishes superb resistance 
weathering and abrasion. Write for 
more information. 


Circle Item 
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Low Cost Roto-Barker 


Mill owners interested economy 
can now buy the Nicholson 
Accumat Roto-Barker approxi- 
mately one-half the price the higher 
speed Roto-Barker. This design, of- 
fered 32, 43, and 60-inch sizes, 
features low initial cost, easy installa- 
tion, and low maintenance cost. 

welded structural steel frame with 
heavy sections and components the 
finest materials. warranted 
debark logs sufficiently clean for any 
pulp process with minimum fiber loss. 
The Nicholson Manufacturing Co. 
also warrants all parts against defects 
materials workmanship for one 
year. The standard machine includes 
steel supporting frame, holddown 
rolls, debarking ring, operator’s con- 
trol console, feedworks section, and 
hydraulic power unit. 
sheet available. 


Circle Item 


Strip Coating Protects 
Furniture, Wall Panels 


new type strip coating, called 
Strip-Kote, has been developed 
Chemical Consulting Service 
tect the decorative finish furniture, 
table tops, counter tops, and wall pan- 
els during fabrication, storage, and 
transit. 

The new coating concentrated 
plastic emulsion applied brush 
spray. dries permanently flex- 
ible, transparent film, which easily 
stripped off. The film contains in- 
flammable solvents, and coverage 
approximately 500 square feet per gal- 
lon for 0.004-inch dried film. Sam- 
ples and additional information are 
available. 

Circle Item 


FPRS Annual Meeting 


June 1962 
Spokane, Washington 


Compact Wood Moulding 
Cutting Machine 


Moulder” trade names 
new, compact wood moulding cutting 
machine designed and manufactured 
Yeoman Engineering, Inc., Hunt- 
ington, Indiana. priced and de- 
signed primarily profitably handle 
either short runs standard mould- 
ings, unlimited production cus- 
tom and various shaped mouldings 
that ordinarily would not profitable 
adaptable handle the larger, 
regular production machines. 

Its unique design features quick 
change-over time between jobs—ap- 
proximately minutes—and the cut- 
ter design such that maintenance 
simple and easy, only matter 
minutes. Rate stock feed stand- 
ard models feet per min- 
ute, and special models 14, 
feet per minute. Besides 
optional electricals other optional 
equipment includes blower 
and double V-belt drive cutter 
heads. Yeoman Engineering, Inc., also 
designs and manufactures complete 
line cutters for standard and special 
wood moulding shapes. Write for 
more information. 


Circle Item 


New Sheathing Booklet 


Save With The Sheath- 
ing That new instruc- 
tional booklet released the Insula- 
tion Board Institute. 

The 8-page, 2-color booklet de- 
scribes the new industry insulating 
rating program for regular fiberboard 
sheathing, and tells how the product 
results significant cost reductions 
for new homes. Write for this book- 
let from Insulation Board Institute, 
111 West Washington Street, Chicago 
Illinois. 

Circle Item 
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Facts Testing 


Thwing-Albert Instrument Com- 
latest news bulletin, has just 
been released. ‘‘Facts 
written and published periodically 
inform technical people concerned 
with physical testing new develop- 
ments test instruments, new testing 
methods, new applications for test in- 
struments, short cuts discovered 
other readers, new useful accessories 
for instruments, and trends testing 

and development work. 

Testing” free and can 
obtained writing. 
Circle Item 


Technology Spectrum 


technology spectrum showing 
detail, areas research interest and 
competence Battelle Memorial In- 
stitute now being offered those 
concerned with research and develop- 
ment. Hundreds types special- 
ized research are grouped together 
under ten major areas interest 
this colorful chart. Major areas in- 
clude biosciences, ceramics, chemical 
engineering, chemistry, economics, 
electronics, mechanical engineering, 
metallurgy, nuclear energy, and 
physics. 

Apart from the specific information 
contains, the 16- 21-inch chart 
provides graphic impression the 
wide variety talents and technolo- 
gies that are drawn together mod- 
ern research center such Battelle, 
which annually conducts studies for 
some 700 different industrial firms 
and government 

Copies the chart are available 
from: Publications Office, Battelle 
Memorial Institute, 505 King Ave- 
nue, Columbus Ohio. 


Douglas-fir Beetle Control 


tiny parasitic wasp that feeds 
the destructive Douglas-fir beetle 
the center study Oregon State 
University that may save some North- 
west forests the future. The para- 
site about the same size 
beetle, but perhaps its number one 
natural enemy Nature’s system 
“checks and 

lays its eggs through the tree 
bark into developing larvae the 
bark beetle underneath. the para- 
sites develop they feed the beetle 
larvae and then come back out 
through the bark carry their 
own mating and egg-laying processes. 

The parasite locates the larvae ap- 
parently sound and then 
its tiny (1/5-inch long) but tough 
egg-laying tube through the bark 
make the deposit, according Dr. 
Roger Ryan, forest entomologist 
charge the study. 
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The thick inches) bark 
the old Douglas fir has protected the 
bark beetle great measure 
now and made possible for the 
parasite its good egg-laying work 
only the tops the trees 
young trees with thin barks, Dr. Ryan 
explains. 


result, the parasite has exer- 
cised limited check the beetle. 


the old growth stands are con- 
verted second growth, however, 
OSU forest entomologists see added 
promise for the parasite check the 
beetle. The insect parasite, officially 
Coeloides brunneri, has bad habits 
its own—it feeds only bark 
beetles and wood borers, both tree 
enemies. 


Spruce Bark Potential 


Spruce bark, which now has 
been waste product the pulp and 
paper industry, shows promise be- 
coming useful source tanning 
materials. Work presently being con- 
ducted Ontario Research Founda- 
tion, Toronto, Ontario, Canada, has 
shown that extract 
bark can used replace the conven- 
tional vegetable tanning agents, such 
Wattle Quebracho, mixed 


with them produce better leathers. 


One trial, involving 300 square feet 
material, produced leather which, 
the opinion skilled industrial 
tanners, had superior 
leather retanned with conventional ma- 
terials. trade term 
caused bending the leather.) An- 
other trial has indicated that the spruce 
bark extract can mixed with con- 
ventional tanning agents with favor- 
able results. 


present, the Ontario Research 
process which uses the dried extract 
for tanning leathers: successful, this 
method will have great impact 
the industry. The tanning time will 
reduced approximately 1/10 
present requirements, the wastage 
tanning agent would virtually elim- 
inated, and the effluent. from the 
tanning factory—always headache 
tanners and local water pollution 
authorities—will considerably 
reduced. 


Spruce bark from the pulp and pa- 
per industries presently burned 
stockpiled. Hence, the price the ex- 
tract kept low because the low 
cost the starting material. The On- 
tario Research Foundation scientists 
have calculated that ton bark will 
yield over 500 pounds extract. 


GRINDS 
PLANER 
CHIPPER 
AND HOG 
KNIVES 


Full rotary 
action. Non 
reciprocating. 


DOUBLE 
KNIFE 
BARS 


Grinds knives 
one operation. 


NEWMAN 
> & 
NEWMAN recommended for precision 
grinding planer knives and all types knives which 
the knife. Will grind knives long knives 
27” long. 160 inches knives can ground floor 
NEWMAN MACHINE INC. 
Greensboro North Carolina 
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Single Copies the Following Reports 
are Available Free Upon Request from the 
Director, U.S. Forest Products Laboratory, 
Madison Wis. 


report dealing with the use 
balsam fir sulfate pulping one 
three new publications recently is- 
sued the Forest Products Lab- 
oratory, maintained Madison, Wis- 
consin, the Forest Service, 
operation with the University 
Wisconsin. 


“Sulfate Pulping Balsam Fir,” 
Report 2225, points out that this 
northern softwood has long been con- 
sidered excellent for use 
pulping, but has not been used ex- 
tensively for such pulping because 
its density, limited availability, 
and relatively high cost. The volume 
balsam fir, however, continually 
increasing, and the species assum- 
ing greater economic importance. Lab- 
oratory studies were therefore under- 
taken obtain additional data the 
sulfate pulping this wood. 


“Method Determining Specific 
Gravity Small Wood Chips,” Re- 
port 2209, details Laboratory mod- 
ification present standard 
method for determining the specific 
fine wood particles. 


The third publication, “List 
Publications the Seasoning 
Wood,” Report 446, provides up- 
to-date file source material that 
available this subject. 


1961 NWPC Proceedings 
Now Available 


The Proceedings the 16th An- 
nual Northwest Wood Products Clinic 
are now available according an- 
nouncement John Howe, Secre- 
tary-Treasurer the Northwest Wood 
Products Clinic. Included within the 
Proceedings are three panel discus- 
sions: Panel What Wrong With 
Our Lumber Standards; 
Modernization Edgers and Sorting; 
and Panel III, Current Research Af- 
fecting the Empire. Also in- 
cluded are the by-laws the NWPC, 
officers and directors, and other per- 
tinent items. These Proceedings may 
purchased from Mr. Howe, Col- 
lege Forestry, University Idaho, 
Moscow, Idaho, price $4.80 
for non-members and $2.50 for mem- 
bers the 
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Funds for and 


Funds for Research and Develop- 
ment Industry, 1958, issued the 
National Science Foundation, presents 
the final results survey conducted 
for the Foundation the De- 
partment Commerce, Bureau 
the Census. 

The report the fourth the 
series 
veys industrial research and devel- 
opment. Preliminary findings from 
annual surveys industrial research 
and development are released the 
Foundation’s Reviews Data Re- 
search Development. Bulletin No. 
20, May 1960, reported the 1958 sur- 
vey; Bulletin No. 24, December 1960, 
carried the results the 1959 survey; 
and the forthcoming Bulletin No. 
will summarize preliminary findings 
the 1960 survey. 

Copies Funds for Research and 
Development Industry, 1958 may 
obtained from the Superintendent 
Printing Office, Washington 25, 
C., for cents. 


COMING EVENTS 


Nov. American Forest Products In- 
dustries, Inc., Annual Meeting, Mayflower 
Hotel, Washington, 


Nov. 1-3: National Retail Lumber Deal- 
ers Assoc., Annual Meeting, Conrad Hil- 
ton Hotel, Chicago, 


Nov. 2-3: Annual Meeting FPRS Caro- 
linas-Chesapeake Section, Battery Park 
Hotel, Asheville, 


Nov. 2-3: FPRS Northeast Section Fall 
Meeting, Hotel Prince George, New 
York City. 


Nov. 4-7: National Retail Lumber Deal- 
ers Association, Exposition, McCormick 
Place, Chicago, 

Nov. 6-8: 1961 Pacific Logging Congress, 
St. Francis Hotel, San Francisco, Calif. 


Nov. 6-9: National Lumber Manufac- 
turers Assoc. Board Directors and 
Committees, Annual Meeting, Shoreham 
Hotel, Washington, 


Dec. Annual Meeting FPRS South- 
eastern Section, Mobile, Ala. 

Dec. National Institute Wood 
Kitchen Cabinets, Annual Winter Meet- 
ing, Sheraton Towers, Chicago, 

Dec. 12-13: National Oak Flooring 
Manufacturers Assoc., Annual Meeting, 
Peabody Hotel, Memphis, Tenn. 


New Treatise Timber Piles 


Treated Timber Founda- 
tion Piles for Permanent Structures” 
the title new, 62-page book 
published the American Wood 
Preservers Institute. provides 
broad range working information 
for foundation engineers the 
design and construction their 
projects. 

Detailed reports five recent load- 
ing tests Chicago, New Orleans, 
Texas, California and the state 
Washington show how 
foundation costs appreciably 
creasing ultraconservative design loads 
from 35, 40, and tons for 
timber piles. 

The book well illustrated 
throughout. Copies 
Treated Timber Foundation Piles for 
Permanent may had 
from the American Wood Preservers 
Institute, 111 West Washington 
Street, Chicago Illinois, for $1.50 
copy, postpaid. 


ASTM Changes Name 


The name the American Society 
for Testing Materials was officially 
changed the American Society for 
Testing AND Materials with the 
signing court decree amending 
the Society’s Charter originally granted 
1902 the Commonwealth 
Pennsylvania. 

announcing this change, ASTM 
President Miles Clair said, ‘“The 
inclusion the word ‘and’ the So- 
mame places added emphasis 
the research work seek- 
ing knowledge the nature 


FHA Accepts 
Pressure-Gluing 


Conditions for acceptance pres- 
sure-glued fir plywood structural com- 
ponents homes financed with FHA- 
insured mortgages have been set 
the agency’s Architectural Standards 
Division, Plywood Fabricator Service, 
Inc., announced. The structural glue 
line plywood box beams and 
stressed skin panels made these com- 
ponents unacceptable until now. 

The conditions, which 
will supplied regional offices 
request, were announced letter 
PFS Executive Vice President 
Page. Complete design infor- 
mation required, along with calcu- 
lations showing compliance with de- 
sign methods the Douglas Fir Ply- 
wood Association. alternate sub- 
mission drawings stamped li- 
censed engineer accompanied 
statement from the engineer 
dicating compliance with DFPA 
requirements. 
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The Architecture Cellulose: 
Microscopic Review 


plant kingdom. Only certain the 
lower plant organisms carry their 
life processes without producing it. 
the main constituent roots, stems, 
leaves, flowers, and seed coats all 
vegetables, fruits, grain crops, orna- 
mental, and timber trees. 

The utilization cellulose accounts 
for the whole tremendous lumber 
and paper industries, the major part 
the textile, and large fraction the 
plastics industry. Recently, has be- 
come both possible and economically 
feasible improve nature treat- 
ing cellulose products chemically 
such ways enhance certain 
their properties for specific 
spite the intensive study the 
chemistry and physics cellulose re- 
quired for these accomplishments, 
there still much unknown about 
this complex material. Cellulose 
polymer high molecular weight 
which, far, has not been synthesized 
the laboratory and known only 
through the properties exhibits 
native products. Therefore, chemical 
modification cellulose materials re- 
quires certain appreciation the 
gross morphology its naturally oc- 
curring forms. 

Although Van Leeuwenhoek and 
Jensen did examine plant cells with 
their early microscopes, Grew and 
Malpighi were the first make seri- 
ous use the instrument for plant 
anatomy, and was not until 1864 
that Nageli (76) made the first real 
contribution our understanding 
cellulose structure. The most rapid 
strides delineating the morphology 


Presented the 1961 Annual Meeting 
the Forest Products Research Society. 
Louisville, Session (Division 
Anatomy and Fundamental Properties 
June 20, 1961. 


*One the laboratories the Southern 
Utilization Research and Development Di- 
vision, Agricultural Research Service, 
Department Agriculture. 
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Fig. 1.—Cotton fiber stained with Nile blue sulfate and swelled cupriethylenediamine 
hydroxide. Magnification 500 


This report brings together concisely possible what 
known the microscopic architecture cellulose and 
relates popular concepts submicroscopic and micro- 
scopic structure, illustrating the basic similarity cellulose 


structures various plant forms. calls attention signifi- 
cant differences the arrangement these structures, and 


yields information value all. 


textile and paper fibers have come 
the last years, beginning with 
the cotton work Balls (10, 11, 12) 
and carried assiduously host 
workers many locations around 
the globe. The excellent review 
Flint (28) correlates their findings 
1950. With the application the 
electron microscope fiber research, 


Reprints Available. Circle Item 21. 


advancement the past years has 
been explosive. outstanding review 
recently published Treiber (98) 
and one Roelofsen (94), reproduce 
many the electron micrographs ac- 
cumulated from various sources; and 
excellent summaries the status 
our knowledge cellulose structure 
are given thorough texts Frey- 
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Fig. micrographs primary wall from cotton fiber; unpurified; purified, 
showing two-faced texture. The distance between markers micron. 


Wyssling (32, 35), Preston 
(84), Preston (85), Ott (80, 
81), Honeyman (47), and Hermans 
(40). 

The cells wood from which tim- 
ber, plywood, veneer, paper, and rayon 
are made, and the cells bast fibers, 
such jute and flax, used the pro- 
duction twines and textiles, differ 
little general architecture from the 
cotton fiber, single-celled hair which 
clothes the surface the cotton seed. 
Since cotton represents the purest natu- 
rally occurring commercial form 
cellulose, seems appropriate con- 
sider cotton the. fiber, and 
explore its morphological design and 
structural features referring the 
more complex structures wood, bast, 
and leaf fibers. Classic investigations 
with the light microscope (3, 10, 11, 
12, have demonstrated that 
the natural architectural arrangement 
the cotton hair that concentric 
layers cellulose encased skin 
primary wall, which contains non- 
cellulosic substances. Beneath the pri- 
mary wall are many concentric layers 
cellulose which make the sec- 
ondary wall, the major part the 
fiber. The first these, the 
“winding” layer, differs 
organization from all successive layers 
and from the primary wall. The last 
layer the secondary wall constitutes 
the boundary the central canal 
lumen. has often been observed 
cotton and repeatedly demonstrated 
tiary wall,” but dubious that this 
layer contains much cellulose. The lay- 
ered morphology the cell wall ob- 
served cotton confirmed for 
various other types plant cell walls 
(106, 107), Aldaba (1), Bailey 
(8, 9), Bailey and Kerr (7), Ander- 
son (2), Hock (43), Ritter (91), 
Rollins (95), Roelofsen (92), Asun- 
maa (4, 5), Bucher (16, 17), Liese 
(63, 64), Meier (67, 67a), Wardrop 
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(110), (75), and many 
others (98). 


Methods 


Swelling and None 
the features fiber structure visible 
unswollen fibers, even high mag- 
nifications. Our ideas the layered 
organization cell walls have been ar- 
rived through observations with the 
optical microscope during swelling 
the fiber such cellulose dispersing 
agents percent sulfuric acid 
the cupritetramine bases. Prestaining 
enhances the precision these obser- 
vations. Because its pectic content, 
the primary wall may stained with 
aqueous solutions such basic dye- 
stuffs Nile blue sulfate, methylene 
blue ruthenium red, which react 
with the carboxyl groups present; these 
dyes also stain the proteinaceous lumen 
contents for the same reason. The wax 
complexes the cuticle can colored 
with such fat stain Sudan black 
oil red, but satisfactory intensity 
often not achieved until the fibers have 
been treated briefly boiling ethyl 
alcohol (69). 

lignified bast, leaf, and wood fi- 
bers, appropriate staining reactions for 
lignin will reveal differences extent 
lignification and location nonlig- 
nified areas. Cross sections will show 
characteristic fiber shapes, thickness 
cell wall, and presence lumen de- 
posits. Lange (62) and Asunmaa (4) 
have used ultraviolet transmission 
cross sections observe inhomogeneity 
distribution hemicelluloses across 
the cell diameter. 


Fragmentation: the preparation 
specimens for electron microscopy, 
particularly fruitful technique has 
been the isolation natural fiber parts 
regions beating the fiber water 
according the method 
thaler (73). The technique has been 
adopted routine for preparation 
fiber specimens for 
scopy. beating untreated cotton 


interrupted after seconds, frag- 
ments the primary wall are obtained 
essentially free any secondary wall 
material; more extensive beating will 
yield specimens the secondary 
thin enough for examination trans- 
mission the electron microscope. 
Differences observed the pattern 
fibrillation upon such maceration are 
characteristic for samples subjected 
various chemical physical treatments 
(103, 104). 


Sectioning: Ultrathin sectioning 
cotton fibers according the method 
Newman (78), makes possible 
follow with the electron microscope 
the effects various pretreatments; 
and compare the lamellate structure 
fibers the various types. 


Replication: Observations the 
surface topography fibers studied 
means two-stage replica process 
involving polystyrene-carbon tech- 
niques (101), have contributed much 
our understanding fiber behavior. 

Application these procedures has 
provided considerably more detailed 
information about the structure the 
cotton fiber than had been available 
before the era electron microscopy. 


Microscopic Observations 


General Morphology: conven- 
tional staining and swelling tech- 
niques described above, the gross 
morphology the cotton fiber can 
demonstrated longitudinal view, 
Figure which shows mature fi- 
ber swelled cupriethylenediamine 
hydroxide. The primary wall, stained 
with Nile blue sulphate, can seen 
disappearing the outside edge the 
fiber ruptured fragments, the col- 
orless winding layer wraps around the 
fiber. Within the winding layer may 
seen some the layers the sec- 
ondary wall, and the center, the 
dark-stained lumen 
residue. Swelling cross sections 
this way will show clearly the concen- 
tric arrangement the cell wall lamel- 
lae (55, 72, 95), but primary wall and 
winding usually are not seen the 
swollen cross sections. More detailed 
studies each the morphological 
zones the fiber have been made 
electron microscopy. 


Primary Wall: Specimens 
mary wall freed from the untreated 
cotton fiber beating briefly water 
the Waring Blendor, were found 
thin enough for direct obervation 
the electron microscope. Examined 
beam transmission, they showed little 
structure, but after extraction per- 
cent sodium hydroxide, displayed 
random arrangement microfibrils 


found typical primary walls 


from many different 
(Figure 2). microchemical analyse: 
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(99), the primary wall was found 
contain most the noncellulosic con- 
stituents the cotton fiber. 

Electron microscope observations 
purified specimens primary wall 
have revealed that the cellulosic por- 
tion this outer skin network 
microfibrils interlaced fabric (32) 
which the general system orienta- 
tion axial the outer surface and 
transverse the inner surface (100). 
The same scheme fibrillar arrange- 
ment has been observed primary 
walls from various other plant sources. 
Electron micrographs published the 
literature demonstrating such two- 
faced pattern were shown oat cole- 
optile (72, 112), cotton seed hairs, 
kapok, and milkweed floss (93), 
tracheids pine (111) and root tip 
parenchyma onion (112), corn 
roots and the stems the marsh reed 
Juncus (48), and sisal leaf fibers 
(73). Similar patterns were found 
the chitinous stalk the fungus 
common arrangement primary walls 
rapidly growing cells. That both 
size and number microfibrils in- 
crease with age specimen illus- 
trated Figure which cotton 
fiber initials from bolls taken 
days, respectively, after flowering were 
purified for comparison. Similar evi- 
dence for this growth intussuscep- 
tion was offered (79), 
(31), and Roelofsen 
(93) for cotton, and recently 
Giinther (37), who found the pro- 
tonema the moss species 
that the mean diameter fibrils in- 
creased with increasing length the 
moss protonema until limit 150 
angstrom units had been reached. 
days, fibrils transverse the fiber 
axis had diameter angstrom 
units; days the diameter was 
angstrom units. the 30-day stage 
growth the mean diameter fibrils 
the inside the cell wall was 
angstrom units, whereas those the 
outside were 146 angstrom units. The 
pattern primary wall development 
across the openings cell wall pits 
was extensively investigated 
thaler (74), Liese (63), and War- 
drop (111), and has been beautifully 
shown paper fibers from pine and 
spruce wood recent work Jur- 
bergs (53) and Jayme and cowork- 


Electron micrographs surface rep- 
licas cotton have shown (101) that 
the undried fiber the primary wall 
offers smooth, structureless appear- 
ance, but the mature fiber the 
dried state, has wrinkled, fluted 
corrugated aspect (Figure 4). When 
freed from the fiber beating 
water, the primary wall unfolds 
form smooth flat sleeve much greater 


FOREST PRODUCTS JOURNAL 


Fig. 3.—Electron micrographs primary walls young cotton fibers; days old; 
days old. 


Fig. fiber fresh undried state; fully 
air-dried condition. 


Fig. 5.—Electron micrographs cotton fiber primary wall fragments are shown freed from the 
fiber; from normal cotton; from cotton heated 160° for hours. 


width than the fiber itself, probably 
approximating the size and shape 
the primary wall the growing state 
before shrinkage and desiccation. From 
samples cotton exposed dry heat, 
was difficult obtain specimens 
primary wall, but small fragments 
isolated for observation from cotton 
heated 160° for hours 
mained the characteristic ruffled con- 
dition (Figure 5). Tripp (100) has 
suggested that the effect the non- 
cellulosic constituents may parallel the 


oxidative unsaturated hy- 
drocarbon chains paint film, 
polymerization waxes and other 
substances present cause the stiffness 
the heated membrane. 

The cotton fiber particularly sus- 
ceptible attack aqueous mineral 
acids, disintegrating rate depend- 
ent temperature and period ex- 
posure. has been shown Hock 


(44, 45), Ranby (86a, 87), Immergut 
(49), and others, disintegration results 
the formation small hydrocellu- 
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Fig. 6.—Effect mercerization purified primary wall water; 
18% sodium hydroxide. 


lose fragments. However, Tripp (100) 
has reported that specimens primary 
wall, both unpurified 
purified, showed surprising resistance 
disintegration when subjected 
exceeding hours under these condi- 
tions the specimens retained their 
original form, and the typical fibrillar 
network. After hours such treat- 
ment, some disintegration was notice- 
able and after hours, material 
having fibrillar texture was present. 
Kling and Mahl their study cot- 
ton fiber surfaces (58, 59, 60), re- 
ported that hydrolytic treatment 
following alkaline purification resulted 
severe damage the primary wall. 
doubt the degree purification 
has significant effects, and perhaps 
the free-floating state Tripp’s ex- 
periments the fibrillar network was un- 
der less strain than when attached 
the fiber the work Kling. The 
effect purification treatments normal 
commercial bleaching has been 
shown Tripp (100) and Kling 
(59) for cotton. Similar electron mi- 
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crographs, illustrating the appearance 
the primary wall network the 
surface fibers after digestion 
simulated paper mill operations, have 
been published Jurbergs (53) for 
cotton linters, bleached 
fiber, and bleached sweetgum fiber 
tracheid, and Jayme, Hunger and 
Fengel (52) for spruce and pine sul- 
fite fiber. The close resemblance all 
these surface photographs purified 
fibers striking. 

The behavior isolated specimens 
cotton fiber primary wall toward 
droxide explains some degree its 
restraining action the free swelling 
the fiber during mercerization. 
Tripp (99) demonstrated 
though cold percent NaOH solu- 
tion apparently removes little the 
noncellulosic material the primary 
wall, does induce drastic shrinkage 
the network fabric both direc- 
tions. Figure shown this effect 
sleeves isolated primary wall 
the purified state, the shrinkage 
length and width being 40% and 60% 


respectively. These observations the 
behavior the primary wall help 
account for the change shape and 
cross-sectional area cotton fibers 
which accompany mercerization and 
the alkali pretreatments used certain 
chemical modifications cotton. 


Secondary Wall: The classic works 
Balls (10, 11, 12) and Kerr 
(54, 55), for cotton, and Bailey 
(7, for other plant cells, consti- 
tute important landmarks the de- 
velopment our knowledge the 
lamellar structure the secondary 
wall which the main body the 
fiber. pointed out review 
(28), now generally understood 
that the cotton fiber attains 
percent its full length before any 
secondary wall formed, and that de- 
posit the layers secondary thick- 
ening begins from days after 
flowering depending variety and 
growth conditions; can detected 
within few hours. During the period 
lengthening, the protoplast sur- 
rounded and supported the primary 
wall network alone. During the de- 
velopment period, the thickness the 
cell wall increases from day day and 
examination cross sections fibers 
after treatment with swelling agents 
shows that the secondary wall consists 
concentric rings cellulose, whose 
number directly related the age 
the fiber days. fully mature 
cotton fiber may contain lay- 
ers, and the thickness the cell wall 

The concept lamellate arrange- 
ment has been verified examination 
cross sections swollen fibers 
the electron microscope (66, 61, 75). 
Figure shows cross sections fibers 
which have undergone limited swell- 
ing during the embedding water- 
soaked fibers polymerization 
methyl methacrylate. Since’ this phe- 
nomenon layer separation takes 
place only when the fiber wet (with 
water, lower alcohols, ethylene glycol, 
glycerol, etc.), the location poly- 
merized methacrylate within the fiber 


Fig. 7.—Electron micrographs cross sections swollen fibers show cell wall lamellae; days old; days old; and mature. 
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associated with regions accessible 
these liquids. The spaces between lam- 
ellae thus preferred sites for 
the entry such reagents. closer 
examination (Figure the sepa- 
rated lamellae shows that they consist 
sublamellae parallel microfibrils 
and that single lamella some 
microfibrils thick. The total thickness 
lamella about 0.1 micron. The 
microfibrils are closely packed 
strongly parallel system which appears 
continuous. The separation single 
microfibrils from lamella sheet 
ordinarily accomplished only with ex- 
beating water (29), imply- 
ing that cohesion the fibrils 
relatively strong. obvious that in- 
terfibrillar bonds are much stronger 
than are the forces which hold lamellae 
together. Individual microfibrils are 
strap-shaped and grade down ap- 
proximately 100 angstrom units 
width; the ratio width thickness 
approximately and the length 
single microfibrils indeterminate, 
but appears more than microns. 
has been calculated (105) that 
microfibril may cellulose chains 
wide and cellulose chains thick, thus 
containing approximately 200 cellulose 
chain molecules the fibrillar cross 
section. These investigators have 
shown almost identical microfibrillar 
arrangements isolated fragments 
the secondary wall lamella cotton, 
flax, ramie, jute, kenaf, sisal, and abaca 
fibers. Figure shows electron micro- 
graphs typical specimens obtained 
beating purified samples water. 
obvious that cellulose arrangement 
seed hair (cotton), nonligni- 
fied bast fiber (flax) and highly lig- 
nified leaf fiber (sisal) differs very 
little. The correspondence wood 
pulp fibrillar patterns very close 
(45, 57, 87). 

generally conceded, this date, 
that the microfibril the smallest 
which can made visible with the 
instruments currently available. The 
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microfibril described above sus- 
ceptible attack dilute mineral 
acids, and microbial cellulases. Un- 
der these conditions, deterioration oc- 
curs chain scission, and results 
the transverse breakdown the micro- 
fibrils into elongated tabular particles. 
The similarity appearance speci- 
mens lamellae degraded these 
two agents shown Figure 
which fragments from cotton fiber 
SO, 25° for 136 hours are com- 
pared with similar fragments exposed 
for hours room temperature 
the cellulase-containing extract the 
fungus Myrothecium verrucaria (83). 
For cotton, flax, ramie, and other tex- 
tile fibers, the representative length 
the tabular fragments the hydro- 
cellulose residue the order 
1,000 angstrom units; for wood pulp, 
has been shown about 600 


angstrom units. The work Ranby 


and Ribi (86b), Ranby (86a), Im- 
mergut (49), Morehead (70), and 
Reese (90), has shown that attack 
various hydrolyzing agents reduces the 
length the particles the fibrillar 
residues, but not their width. lim- 
iting length, the fragments suddenly 
disappear. 

Studies Hestrin and coworkers 
(41) and Colvin (13, 22, 23) 
the synthesis cellulose the bac- 
terium Acetobacter xylinum, and more 
recently Brown and Gascoigne (15, 
36) cellulose synthesis aceti- 
genum, support the hypothesis that the 
final stage such cellulose synthesis 
occurs extracellularly. The findings 
all these workers indicate that the mi- 
crofibril, whose dimensions are the 
order described for structural units iso- 
lated from the higher plants, the 
first manifestation cellulose when 
produced novo from solution 
organisms. has been suggested 
Balashov and Preston (6) that from 
100 200 angstrom units may lim- 


Fig. 9.—Electron micrographs fragments secondary wall purified cellulose fibers obtained 
beating water; cotton; flax; and sisal. 
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Fig. 8.—Electron micrograph portion 
cross section cotton fiber show sepa- 
ration secondary wall 
sublamellae. 


iting lateral dimensions the forma- 
tion many natural substances 
(cellulose, actomyosin, 
vanadium pentoxide strands, iron aero- 
sol particles, magnesium hydroxide 
flakes) and that the microfibril may 
not biological unit, but thermo- 
dynamic one. Perhaps this hypothesis 
deserves some exploration. 


Winding (S-1) Layer: the cot- 
ton fiber, the first layer secondary 
wall laid down adjacent the primary 
wall immediately following the virtual 
cessation growth length the 
fiber differs from all subsequent layers 
structure. Isolated from 17-day old 
cotton fibers (96) and photographed 
with both optical and electron micro- 
scopes, was revealed con- 
tinuous sheet made alternating 
bands fibril bundles which spiral 
about the fiber angle approxi- 
mately degrees the fiber axis. 
The wider bands have closely packed 
parallel arrangement fibrils while 
the narrower bands which connect 
them consist two systems fibrils 
right angles one another 
open weave pattern. Figure shows 
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Fig. 10.—Electron micrographs fragments cotton fiber secondary wall exposed 
hydrolytic action are; sulfuric acid; extract from cellulolytic fungus. 


Fig. 11.—Short length winding (S—1) layer secondary wall cotton fiber optical 
photomicrograph, 500 electron micrograph 2500 


light and electron microscope pictures 
the S-1 layer isolated from 17-day 
old cotton fiber. Electron micrographs 
similar structures have been shown 
Wardrop (109) for eucalyptus 
wood, alstonia, birch, and the oat cole- 
optile; and Hodge and Wardrop 
(46) for Douglas-fir. Meier (67, 67a) 
showed optical microscope pictures 
and Bosshard (14) ash. More re- 
cently, Emerton and Goldsmith (26) 
and Emerton (27) have demonstrated 
this structure two species pine 
and Wardrop and Cronshaw (114) 
have shown its structure oat 
coleoptile. 

Many excellent 
ords the appearance this S-1 
layer have been made with the light 
microscope, but usually fibers being 
swollen cellulose dispersing agent, 
and often after rather drastic chemical 
purification modification. Its occur- 
rence cotton was admirably demon- 
strated Kerr (56) fibers fixed 
alcohol from green boll before 
the fibers had time dry out. was 
considerably discussed both Hock 
(42) and Mangenot (65). Rollins 
made extensive reference its be- 
havior carboxymethylated and 
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oxidized cotton fibers (97) and dem- 
onstrated its presence flax, ramie, 
and milkweed bast fibers which had 
been subjected laboratory oxidation 
treatment with gaseous NO, (95). 
was pointed out that the appearance 
this apparently unreacted helix 
the swelling oxidized cotton fibers 
was not unlike the illustrations shown 
Hock (42) for the swelling de- 
pectinized cotton cuprammonium 
hydroxide and Mangenot (65) for 
the swelling nitrated cotton 
cyclopentanone. Similar 
nin Mitchell (68) 
nitrated spruce wood, Haas and 
coworkers (38) the swelling 
xanthated beech wood pulp, and 
Carpenter and Lewis (20) studies 
unbleached raw-cook Jack pine kraft 
fibers. The winding has been admir- 
ably demonstrated cinemicrographs 
the swelling and dissolution 
spruce fibers Isenberg and Smith 
(50). 


Tertiary Wall: the microscopic 
views unpurified cotton fiber, there 
frequently observed solid core 
which responds positively carboxylic 
staining agents. When the fiber dis- 


solved the classic cellulose dispers- 
ing agents, this residue often 
Figure illustrates the typical configu- 
ration. Catlett and coworkers (21) 
isolated small quantities the lumen 
residue for microscopical studies 
destruction the cellulose sulfuric 
acid. The isolated fragments were 
found tubular and electron mi- 
crographs thin sheets the mem- 
brane showed unoriented granular 
structure. The material the lumens 
whole fibers was found en- 
tirely dissolved either dilute alkali 
solved dilute hydrochloric nitric 
acid. cotton, least, would ap- 
pear that the lumen boundary, S-3 
layer the secondary wall non- 
cellulosic and largely proteinaceous. 

the case wood, Bucher (18, 
19) has provided convincing photo- 
micrographs tertiary walls fibers 
both conifers and hardwoods. has 
been noted Meier (67, 67a) that 
the conspicuous helical tertiary wall 
prominent tension wood missing 
from compression wood, but that 
tension wood appears highly 
lignified. also points out that 
paper pulp from spruce the tertiary 
wall largely destroyed the sul- 
phite. process, but sulphate pulp 
holocellulose. Prehydrolyzed sulphate 
ulp shows, any, very weak terti- 
ary wall. holocellulose sulphate 
pulp extracted with 17.5 percent 
NaOH, the tertiary wall mostly de- 
stroyed. Meier considers highly 
probable that built mainly 
xylan. hardwoods there com- 
pression wood but the broad tertiary 
saccharides. 


Fine Structure 


Accessibility and Crystallinity: 
The cotton fiber has been found 
better than percent cellulose. Flax 
and ramie contain from per- 
cent, whereas jute has only from 
percent. The composition 
wood varies with species but generally 
percent hemicellulose and other 
saccharides. 

has been shown the above 
descriptions, the cellulose microfibril 
the smallest naturally occurring struc- 
tural unit which can rendered visi- 
ble the microscopes currently 
available. Since the microfibrils can 
broken into short segments hydroly- 
sis (77) oxidation, evident that 
some regions the microfibril are 
more accessible for attack than others. 
The length the cellulose molecule 
usually described the term, 
gree polymerization” which 
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refers the average number glu- 
cose units the molecules given 
sample. Celluloses different 
have different solubility properties, but 
are similar other chemical proper- 
ties. Individual native cellulose chains 
approximately 3,000 5,000 glucose 
units. 

Evidence from other chemical meth- 
ods has established that cellulose 
unbranched linear polymer glu- 
cose. The glucose units are linked 
their one- and four-carbon positions 
bonds. Spatial distribution 
the hydroxyl groups allows the 
chains associate laterally hydro- 
gen bonding. The current concept 
that these chains are held together 
groups approximately 200 form 
microfibril and that individual chains 
the groups are associated various 
degrees parallelism. Regions con- 
taining highly oriented chains are 
called crystallites; those which the 
chains are more randomly arranged are 
considered amorphous. These 
two types molecular aggregates are 
interspersed one with another, and are 
not discrete, but merge gradually and 
continuously. Since well known 
that the polymer chains are very much 
longer than the individual crystallites, 
obvious that one chain may pass 
through number crystallites and 
hence also through several different 
amorphous regions. Frey—Wyssling 
(33) has postulated that the elemen- 
tary microfibril has crystalline core 
coated with less orderly arranged para- 
crystalline cellulose chains. Hearle 
(39) modified this idea with his re- 
cent theory which 
the crystalline regions are regarded 
continuous, and the fringed 
composed molecules diverging from 
the fibril different positions along its 
length. 

From X-ray diffraction, one can de- 
termine relative amounts crystalline 
and amorphous cellulose the sample. 
The crystallinity index quoted 
percent for natural fibers, figure 
which agrees with results based in- 
frared absorption data. The size and 
shape very small crystals can also 
estimated from the angular width 
interference lines which these crys- 
tals produce. The average length 
cellulose crystallites natural fibers 
exceeds 600 angstrom units, while 
their average thickness somewhere 
between and 100 angstrom units. 
These figures are considered 
substantial agreement with the dimen- 
sions measured from electron micro- 
gtaphs the tabular fragments 
resulting from hydrolytic degradation 
(roughly, 150 1,000 ang- 
strom units). 
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Fig. micrographs cotton fiber fragments illustrating the effect sodium 
hydroxide treatment; fragments untreated cotton showing normal state microfibrils; 
fragments similar (a) but after exposure mercerizing strength sodium hydroxide 
showing crimping microfibrils; fragments from fiber mercerized the slack state; and 


fragments from fibers mercerized under tension. 


Cellulose from wood structurally 
identical with cotton cellulose, except 
that has lower proportion crys- 
talline material and intimately asso- 
ciated with such other substances 
lignin and pentosan. Wise (115) has 
pointed out that evidence for chemical 
union cellulose and lignin incon- 


clusive. Ranby (88) was able ultra- 
sonic disintegration show electron 
micrographs collections amorphous 
lignin material associated with the cel- 
lulose microfibrils preparation from 
unpurified spruce wood. Wardrop 
(113) has shown that lignification be- 
gins the primary wall the cell 
corners and then extends middle 
lamella and secondary wall. Lange 
(62) investigated microspectro- 
methods the ultraviolet 
range the distribution lignin the 
cell walls spruce and various hard- 
woods. Cowling (24) points out that 
the association between lignin and cel- 
lulose protects wood against degrada- 
tion except few specialized wood- 


destroying fungi. Immergut and Ranby 
(49) found comparison de- 
waxed cotton and chemical grade 
sulfite pulp from hemlock that the 
initial fast hydrolysis, yield 


percent, involves the decomposition 
the elementary cellulose fibrils into 
shorter rod-like fragments (micelles) 
giving sharper X-ray diffraction pat- 
terns than the initial fibers. After- 
wards, slower hydrolysis yield 
percent reduces the width the wood 
the width X-ray patterns about 
percent. The more resistant cotton 
cellulose micelles seemed remain un- 
changed until they suddenly disap- 
peared. This was taken the authors 
indicate basic difference chemi- 
cal resistance between native wood and 
cotton cellulose. 


Orientation: Although the structure 
the chain bundles determines much 
the chemical and physical behavior 
cellulose, its mechanical properties 
are also dependent the way 
which these bundles are oriented with 
respect each other, and how they are 
laid down the plant cells and fibers. 
From light microscope observations, 
has long been known that the fibrils 
and fibril bundles the secondary 
wall natural fibers are not aligned 
exactly parallel with the fiber axis, 
but spiral about the fiber 
angle characteristic for the species. 
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Fig. 13.—Cross sections cotton yarns; untreated; mercerized. 
Magnification 500 


This departure from linear arrange- 
ment the fibrils the fiber wall 
can determined the average from 
X-ray diffraction arcs bundles 
fibers, and also fiber anisotropy 
single fibers polarizing micro- 
scope. certain bast fibers, the orien- 
tation deviates only few degrees. 
Morey (71) using polarized fluores- 
cence obtained figures for hemp, 
3.5° for ramie, 5.5° for flax, and 28° 
42° for cotton. Treiber (98), sum- 
marizing the findings others 
various plant fibers, gives the follow- 
ing: mauritius hemp, 22.5°; sisal, 23.1; 
manila hemp, 19.1; New Zealand 
flax, 11.1; poplar wood, 35; beech- 
nut, 20; oak, 23; and chestnut, 15. 

cotton, the X-ray angle (50 per- 
cent intensity) has been shown vary 
from 22° 42°; the departure from 
zero alignment with the fiber axis 
varietal characteristic, but dependent 
also environmental conditions 
growth. The X-ray angle orienta- 
tion can altered the application 
tensile stress, especially while the 
fiber wet with appropriate swelling 
agents (40, 47, 80, 81). DeLuca (25) 
has recently offered mathematical anal- 
yses X-ray data for separating the 
effect the spiral pitch the fibrils 
from that the orientation crystal- 
lites. 

Cotton distinct from all other 
known fibers structural 
characteristic. Along the length the 
the spiralling microfibrils change 
their direction rotation about the 
direction vice versa. The points 
reversal can detected the change 
polarization colors either side 
extinction point when the fibers are 
observed between 


Cotton fiber reversals are randomly 
spaced along the length the fiber, 
approximately 100 the inch, but 
there does seem some varietal 
difference with respect 
Wakeham and Spicer (108) found 
that cotton fibers tend break prefer- 
entially the reversals. sug- 
gested the authors that the cellulose 
reversals somewhat more crystal- 
line than the remainder the fiber 
and that reversals behave weak 
places because internal stresses pro- 
duced during growth. The presence 
reversals the spiral direction 
fibrils the fiber wall has been of- 
fered explanation the elongation 
characteristics cotton fiber. 

Many papers have been published 
which point out relationships between 
tensile strength and chemical 
tion, chain length 
and between brittleness 
and orientation, well between 
elongation and elasticity and the de- 
gree crystallinity and lateral order. 
Generally the mechanical properties 
cellulose fibers, such tenacity, are 
related the amounts crystalline 
material while such properties swell- 
ing and ease chemical reaction are 
related the more easily penetrated 
amorphous regions. These are the re- 
gions which absorptive capacity 
for water, and these regions 
which osmotic forces tend cause 
cellulose chains move apart for en- 
try other molecules. Thus, while 
great attention paid the relation- 
ship between crystallinity and orienta- 
tion data from X-rays and the tensile 
properties fibers, the amorphous re- 
gions are equally responsible for prop- 
erties the fiber important chemi- 
cal processing. 


Chemical Processing 


The responses the cotton fiber 
various processing environments are 
considerable interest any attempt 
describe its architecture. 


Purification: Most cotton textiles 
receive scouring treatment designed 
remove portion all the non- 
cellulosic substances present the na- 
tive fiber because these substances 
interfere with complete wetting-out 
the cotton and, hence, with subsequent 
procedures. Scouring usually consists 
percent) sodium hydroxide solution. 
Microscopical observations scoured 
cotton show detectable change 
cross-sectional area, fiber appear- 
ance the magnifications light 
microscopy. Electron microscope obser- 
vations indicate that scouring gradually 
removes the incrusting noncellulosic 
substances from the primary wall 
reveal the cellulose skeleton fibrillar 
network. 

The isolation and purification 
cellulose from wood requires more 
drastic process. This usually involves 
treatment wood chips either with 
mixture calcium sodium bisulfite 
and sulfurous acid (the sulfite proc- 
ess), with sodium hydroxide alone 
(soda process), mixed with sodium 
sulfide (sulfate process). These are 
carried out under pressure and ele- 
vated temperatures and are followed 
bleaching treatments. The product, 
wood pulp, may then further puri- 
fied remove noncellulosic carbohy- 


drates. According Ranby, Giertz, 
and Treiber (89), the cellulose string 
fraction wood pulps shown 
contain chiefly glucosan, only traces 
mannan and xylan, and other wood 
polyoses. Evidently the cellulose strings 
consist pure cellulose and this may 
considered the true cellulose 
the fiber; amounts about 
percent spruce wood. They consider 
the hemicellulose bleached pulps 
the accessible interfibrillar substance, 
consisting mannan, xylan, and prob- 
ably glucosan. wood, there are also 
other hemicellulose compounds, such 
galactan, araban, uronic acid, and 
pectic substances. these wood poly- 
oses, however, are extremely accessible, 
they not occur technical pulps. 
Later work Hamilton and Thomp- 
son (38a) gives carbohydrate analyses 
typical pulps prepared various 
pulping procedures and explains the 
differences found the basis hemi- 
celluloses present each pulp. They 
found that the mannose-containing 
hemicelluloses usually contain glucose 
and the xylose-containing compounds 
also contain uronic acids. 


Ranby and others (89) indicated 
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that the main difference between cellu- 
lose and hemicellulose not due 
chemical composition, but physical 
nature: the cellulose strings are highly 
crystalline and not swell water; 
contrast, the hemicellulose, probably 
due its heterogeneous composition, 
water and easily accessible acids 
and other chemical agents. This con- 
refuted the work reported 
out that hemicelluloses, while 
crystalline than cellulose, con- 
sist partly crystallized materials. 


Physical Modification: Other types 
finishing applied cotton are 
treatments with chemicals under spe- 
cial conditions designed alter the 
fine structure crystalline nature 
the cellulose, and thus bring about 
permanent change fiber properties. 
The oldest these treatments the 
textile trade mercerization, employed 
-ommercially enhance dyeability and 
luster cotton materials. consists 
percent sodium hydroxide ambient 
conditions. The cellulose the fiber 
swollen rapidly, and fully mercer- 
ized fiber resembles solid cylinder 
cellulose. The caustic washed out 
and the fiber subsequently neutralized, 
but the effect the fiber perma- 
nent. Microscopical observations made 
during immersion whole fibers 
caustic mercerizing strength indi- 
cate that the fiber cross-sectional area 
increases about 100 percent when the 
fiber placed contact with per- 
cent NaOH. result pressure 
developed within the fiber, the primary 
and secondary walls come into intimate 
contact, and after shrinkage, which 
accompanies the washing, neutralizing 
and drying, the primary wall difh- 
cult remove from the mercerized 
fibers mechanical elec- 
tron microscope study the effects 
mercerizing strength sodium hydroxide 
cotton shown Figure 12. 
(a), fragments untreated cotton 
show the normal state microfibrils; 
(b), such fragment exposed 
mercerizing strength sodium hydroxide 
shows strong crimping the indi- 
vidual fibrils and shrinkage the 
sheet; (c), the specimen was ob- 
tained beating fibers which had al- 
ready been mercerized treatment 
with the caustic but without any ten- 
sion; this represents the state 
mercerization, pretreatment 
for subsequent chemical modification. 
(d), the specimen was obtained 
from fibers yarn mercerized the 
conventional manner under tension; 
the fibrils are swollen but stretched. 
Consideration these pictures and 
those Figure which show the be- 
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Fig. micrographs fragments from partially acetylated cotton fibers; 
shown; low degree substitution; high degree substitution. 


havior cotton fiber primary wall 
under the influence the merceriza- 
tion solution makes easier 
envision the forces involved the 
alteration the fiber 
trated Figure 13, which contrasts 
cross sections untreated cotton with 
those from mercerized yarn. Studies 
surface topography indicate that 
smoothing out wrinkles not com- 
pletely accomplished most commer- 
cial mercerization treatments but that 
there definite straightening the 
rugosities toward better alignment 
with the axis the fiber. 


Substitution: Other finishing proce- 
dures involve chemical modification 
the cellulose produce 
stances, with the physical form the 
fiber, but with entirely different chem- 
ical and physical properties. These in- 
clude esterification 
reactions which the cellulose mole- 
cule altered substitution with 
various ester ether groups. The best 
known example esterification 
partial acetylation cotton. this 
treatment, acetyl groups 
tuted the cellulose chain produce 
new fiber with resistance heat 
and microbial attack, and with the 
dyeing properties cellulose acetate, 
but with the original fibrous form 
the cotton fiber and its inherent ad- 
vantages. early states acetylation, 
unevenness reaction along the 
length fibers may demonstrated 
both swelling and staining tech- 
niques. The cross-sectional area the 
fibers increases with degree substi- 
tution approximately 100 per- 
cent full substitution, and this in- 
crease appears account for much, 
not all, the increase volume 
acetylated fibers. The average refrac- 
tive index partially acetylated cot- 
ton decreases with increase acetyl 


content until full substitution the 


acetylated fiber has negative bire- 
fringence. Fragments fiber obtained 
wet-beating show progressive loss 


the fibrillate character the acetyl 
content increases. low degrees 
substitution, the fibrils predominate; 
the highest substitution, fibrils 
are observed, and the spongy, amor- 
phous material resembles appear- 
ance that obtained beating cellu- 
lose acetate fiber the triacetate type 
(Figure 14) (102). 

the etherification processes, cy- 
anoethylation, carboxymethylation, 
aminization, and benzylation have all 
been applied cotton both fiber 
and fabric form, but their microscop- 
ical features have not been fully 
explored for the esterifications. 

Impregnation: Many finishing op- 
erations involve simple impregnation, 
impregnation followed reaction 
with the cellulose. Impregnation and 
polymerization without reaction with 
the cellulose illustrated Figure 
15. (a), ultrathin section 
fiber which methyl methacrylate 
had been deposited and polymerized 
shown after removal the poly- 
mer. (b), cross section ob- 
tained from the same specimen 
which the cellulose has been removed 
solution 
hydroxide, leaving behind the acrylic 
polymer phase what was simple 
cellulose-resin mixture. The resin resi- 
due thus represents internal replica 
the lamellate fibrillate structure 
the fiber. This evidence that mole- 
cules the dimensions methyl 
methacrylate can reach this level 
the fiber carried polar liquid. 

Chemical impregnations achieve 
flameproofing, wrinkle resistance 
improve dimensional stability in- 
volve the possibility chemical link- 
ing the cellulose the impregnat- 
ing reagent, the formation 
crosslinking bonds between the cellu- 
lose members themselves within the 
fine structure the fiber. These 
changes can observed microscop- 
ically. has been shown, unmodified 
cotton fibers separate into character- 
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Fig. 15.—Electron micrographs cross sections impregnated cotton fibers; 
after removal polymer; after removal cellulose. 


istic fragments beating water. 
Cotton samples treated with certain 
cross-linking agents yield fragments 
only after much more extensive beat- 
ing and the fragments produced differ 
from those the 
mens. Much the beaten mass con- 
sists short fiber segments with little 
fibrillation; few the long, stringy 
sheets characteristic untreated cot- 
ton are present. The fragments them- 
selves are short, compact, and jagged, 
and most them consist two 
more layers cell wall which have 
not been separated. 


Exposure modified cotton cel- 
lulose solvents has been useful de- 
lineating areas derivative forma- 
structure (103, 104). 

The solubility behavior ultrathin 
sections, beaten fragments 
the cupritetramine bases useful 
criterion for evaluation the 
degree crosslinking achieved. 
Typical results obtained when 
sections untreated cotton and 
modified fibers were treated 


with CED reagent are shown 
Figure 16. Unmodified cotton was al- 


Fig. 16.—Electron micrographs ultra-thin sections fiber; untreated cotton; 
untreated cotton swelled CED; formaldehyde-treated cotton, 0.26 percent bound 
HCHO, swelled CED; and formaldehyde-treated cotton, 0.80 percent bound HCHO, 
swelled CED. The formaldehyde was introduced dry cure, using latent acid catalyst. 
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most completely dissolved, only the 
primary wall, and lumen contents re- 
maining relatively intact condi- 
tion. The action CED thin sec- 
tions cotton which had been treated 
with formaldehyde indicated that the 
extent swelling formaldehyde- 
treated cotton inversely proportional 
the amount bound formalde- 
hyde. Sections samples containing 
0.8 percent and 0.26 percent bound 
HCHO responded differ- 
ently CED. The 0.8 percent sam- 
ple showed relatively little swelling 
although some material dissolved 
leaving conspicuous holes. The 0.26 
percent sample sections showed enor- 
mous lateral swelling and became 
much thinner. thought that re- 
gions cellulose free complex 
with CED the point dispersion 
are removed with minimum 
swelling the fiber cross section, un- 
less they are encapsulated inert 
material. This dispersion observed 
untreated cotton, cotton impreg- 
nated with polyacrylic and with cer- 
tain methylol melamine resins. Modi- 
fications which cellulose chains are 
crosslinked greater less ex- 
tent will exhibit marked swelling 
the specimen accompanied removal 
the dispersible cellulose. Examples 
this type are cotton crosslinked 
with dichloropropanol, 
mens treated with cyclic ethylene 
urea, and some formaldehyde-treated 
samples. 


Conclusion 


Cellulose unbranched linear 
polymer glucose units which 
known only through its natural oc- 
currence plant cell walls. The gross 
morphology and fine structure 
plant cell walls appear follow 
general architectural plan 
separated families plants. 


The interlaced network structure 
microfibrils universally character- 
istic primary walls, and with in- 
crease the age primary wall 
there increase both size and 
number microfibrils. Parallelization 
microfibrils characterizes the main 
body the cell wall which sheets 
closely packed microfibrils occur 
concentric layers. The forces which 
bond microfibrils together within 
layer are greater than the forces hold- 
ing layers together. The microfibril 
the smallest naturally occurring dis- 
crete unit the structure the cel- 
lulose fiber which can made visible. 
strap-shaped, the ratio width 
thickness being approximately 
widths individual microfibrils are 
the order 150 angstrom 
units and lengths are indeterminate, 
but least 50,000 angstrom units. 
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duced chain scission tabular 
fragments the order 500 
1,000 angstrom units length. These 
hydrocellulose have higher 
crystallinity than the parent fibers 
from which they are produced, fact 
taken indicate that the portions 
microfibrils removed chemical deg- 
radation are less well ordered than 
the portions which remain. From 
X-ray diffraction measurements the 
crystallinity index for native cellulose 
percent; the average length 
the crystallite estimated ex- 
600 angstrom units and the aver- 
ige thickness somewhere be- 
cween and 100 angstrom units. 
These figures are considered 
substantial agreement with dimensions 
measured from electron micrographs. 


From both X-ray diffraction and 
optical refractive index measurements 
orientation the crystalline portion 
the cellulose with the axis the 
has been demonstrated. For the 
fibers commerce, hemp, ramie and 
have the lowest angles (less than 
12°) deviation from the longitu- 
dinal axis the fiber, and cotton the 
highest (from 42°). The 
X-ray angle orientation can al- 
tered the application tensile 
stress the fiber. 

The behavior the native cellu- 
lose fiber response chemical 
treatments can interpreted the 
light its morphological 
tural features. Swelling strong so- 
dium hydroxide solutions results 
lateral swelling microfibrils and 
shrinkage the length the fiber. 
Because its woven construction the 
primary wall shrinks both direc- 
tions and offers constricting control 


the lateral swelling the main 
body fiber. 


partial acetylation, there progres- 
increase cross sectional area 
the fiber with increase degree 
substitution approximately 100° 
full substitution. There cor- 
responding decrease refractive in- 
dex toward negative birefringence 
full substitution. Electron microscope 
studies fragments obtained 
wet-beating show progressive loss 
fibrillate character the degree 
substitution increases, until full 
substitution fibrils are observed but 
only spongy masses amorphous 
material. 

Electron microscopical investigations 
treatments can yield useful informa- 
tion the progress reaction 
when ultra-thin sections members 
series are compared with un- 
treated controls with respect their 
response cellulose dispersing agents. 
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AGO, thinking about 
means improving its products, 
the following question was put 
group people concerned with wood 
preservation: characteristics 
must the ideal lumber preservative 
treatment and its product 
After lengthy discussion, the follow- 
ing’ evolved 

The product must: resist decay 
and insect attack, water repel- 
paintable, clean and unchanged 
color and appearance, work- 
able and machineable, free 
any odor, competitive price 
with other preservative treatments, 
require post processing such kiln 
drying, 10) weigh essentially the same 
untreated wood, and 11) un- 
changed strength characteristics. 

The preservative treatment must: 

have adverse effect the 
glue lines plywood laminated 
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Here presented new preservative process which 
represents major advance the industry. The process 
uses liquefied gas carrier, and during pressure treat- 
ment, pentachlorophenol and water-repellent chemicals 
are forced deep into the wood fibers. This process will 
not only expand wood’s present uses but will open the 


door for new markets. 


products, non-swelling nature, 
and applicable all species. 
The consensus was that the only 
way produce product with these 
characteristics was employ dry 
preservative and completely recov- 
erable preservative carrier during pres- 
sure treatment—a carrier that was 
gas under ordinary conditions and 
liquid under operating pressures. 
With this basic idea mind, 
took years research and develop- 
ment our technical department 
Orrville, Ohio, find suitable pre- 


The process called and 
trademark the Koppers Company. 
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servative and carrier, refine our op- 
erating techniques, and design the 
necessary equipment for handling the 
preservative. Now, after years ex- 
perimental work, the process the 
commercial stage and patent appli- 
cation has been filed.? 


The new process used identify 
pressure-treated lumber 
that water repellent, free raised 
grain, completely paintable, and un- 
changed dimensions. has all 
the properties and appearance un- 
treated wood but addition has ex- 


cellent resistance decay and insect 
attack. 


NOVEMBER, 1961 


7 

7 

q 

‘ 

q 

7 


Resistance Decay and Insect 
Attack 


The preservative which provides the 
protection from decay and insect at- 
tack the process-treated wood 
Pentachlorphenol 
(penta) preservative widely used 
oil carriers toxic wood pre- 
servative, effective against insects and 
fungi. During our processing, penta 
dissolved liquefied gas carrier, 
forced deep into the wood fibers using 
pressure-treating cycle. Upon releas- 
ing the pressure, the liquefied gas rap- 
idly vaporizes leaving crystalline pen- 
tachlorophenol the wood fibers. 
final vacuum period quickly recovers 
the liquefied vapors, thereby leaving 
the wood free solvent. 


Permanence 


Naturally for this treated material 
effective against decay and insect 
attack during years service, the 
treatment must permanent. Tests 
designed study the permanence 
water repellent light solvent preser- 
vative treatments have shown that the 
Penta dissolved low-boiling petro- 
leum solvent tends bloom (form 
crystals) the surface the wood 
over period time. course, the 
protection the treatment thereby 
reduced. general, the severity 
blooming varies with the solvents 
used. The processed wood has sol- 
vent present evaporate, thus trans- 
location the penta cannot occur. 
This fact has been substantiated our 
reported the American Wood- 
Preservers’ Association 1953. Hud- 
son stated: observations defi- 
nitely indicate that the presence 
solvent the culprit causing migration 
and loss pentachlorophenol and 
that without any solvent present, the 
preservative tends remain 

order test the permanence 
ited within the wood, Southern yellow 
pine treated the new process was 
ground sawdust. The sawdust, 
placed petri dish, was heated 
oven 150° for days. 
Analysis before and after exposure 
showed that less than per cent 
the penta was lost. Inasmuch the 
vapor pressure pentachlorophenol 
150° 100 times greater than 
room temperature, similar test 
conducted 60° would necessitate 
show comparable loss penta. 

study now progress eval- 
uate the permanence pentachloro- 


*Hudson, 1953. Recovery 
solvent from wood pressure treated with 
oil-borne preservatives and its effect 
paintability. Proceedings, AWPA. 49: 
168. 
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TREATING FACILITIES the Oroville, Calif. plant, Koppers Company, Inc., where major 
expansion underway for treatment poles, lumber, and plywood the new process. 


phenol Southern yellow pine which 
has been treated our process and 
then exposed outdoors. Since this 
long-term study, the complete results 
are not yet available. However, an- 
alyses date shows that there has 
been significant change Penta 
content. 


Evaluation 


When evaluating new preservative 
preservative treatment, actual serv- 
ice data desirable. Because often 
requires years collect such data, 
accelerated stake test was designed for 
this purpose the American Wood- 
Preservers’ Association detailed 
Standard Method 
for Field Tests with Twenty 
34, inch stakes are treated 
with the preservative being tested. In- 
stalled test plots where termite and 
fungus activity prevalent, the stakes 
are inspected annually and individu- 
ally graded the severity decay 
termite attack. The average grade 
can then used compare the per- 
formance the preservative treatment 
being tested with other well known 
standard preservatives being treated 
the same site and time. 

Test stakes protected with deposit 
crystallized pentachlorophenol 
lon-processed) have been exposed 
accelerated stake test plots Charles- 
ton, South Carolina, and Montgomery, 
Alabama, for 108 months. These 
stakes, which have average reten- 
tion 0.34 pound Penta per cubic 
foot, have average index condi- 
100 indicates perfect condition and 
indicates complete failure). sim- 


ilar test, stakes were treated re- 
tention 0.31 pound Penta per cubic 
foot using solution which conforms 
that specified the utilities for the 
treatment poles. These stakes had 
the end 108 months. This data 
shows that there practically dif- 
ference between the performance 
stakes treated with crystallized penta 
and stakes treated with regular penta 
solution. fact, stakes containing the 
crystallized penta have actually per- 
formed slightly better than those con- 
taining the regular solution. 

formance these two types treat- 
ment can obtained plotting the 
annual indexes condition and ob- 
serving the trend and performance 
shown the figure. This figure shows 
that these (Cellon) stakes are con- 
sistently better than stakes treated with 
the standard American Wood-Preser- 
comparison the average perform- 
ance obtained measuring the area 
under each line. This area 619 
units for these Cellon stakes and 567 
units for the standard stakes. 


Paintability 

One the major problems which 
has plagued other water repellent 
light solvent penta treatments 
inability accept satisfactory paint 
film. most instances the solvent 
present near the surface the 
wood interferes with the normal dry- 
ing the paint film and often results 
blistering. Such not the case with 
this treated wood. Any wood item, 
which would paintable the un- 
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Index of Condition 


1 - 0,34 lbs. Penta - "Cellon" 


3 - Untreated Control 


Exposure (Years) 


STAKE TEST RESULTS.—The performance the preservative study versus 
pentachlorophenol-containing preservative shown graphically. 


treated state, paintable 
moval from the treating vessel after 
undergoing this process. 
ment based upon numerous case 
histories well experimental data. 
the laboratory, dry Southern yellow 
pine sapwood panels were selected for 
tests. Southern pine was chosen be- 
cause its inherent resin content 
which often makes this species diffi- 
cult paint even when untreated. 
After our treatment, the panels were 
painted using one coat commercial 
undercoat,followed hours with 
one coat commercial outside white. 
The paint film dried clear hard 
finish with evidence staining 
blistering. One week later, the panels 
were exposed the elements 
outdoor rack. After almost years 
exposure, the paint still excellent 
condition. noticeable difference ex- 
ists when compared with untreated 
control panels similarly exposed. 

The new treating process now 
being used stadium seats. Cur- 
rently, 50,000 treated seats finished 
with two coats enamel are being 
installed the new Washington 
Stadium. few months ago, 6,500 
treated seats finished with clear lac- 
quer were installed the Boston 
Stadium. neither instance were any 
problems encountered painting 
finishing this material. 


Water Repellency 


Tests indicate the effective water re- 
pellency wood treated the new 
process comparable with other 
water-repellant treatments. This feat- 
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ure has the effect imparting some 
dimensional stability when the mate- 
rial exposed frequent changes 
relative humidity. with other water 
repellent treatments, however, pro- 
longed change relative humidity 
will create the same dimensional 
change our type treated wood 
untreated wood. 


Dimensional Stability 


Lumber products which have been 
prefabricated, such window sash, 
material close tolerances, 
flooring, can processed with 
this treatment without difficulty. This 
process non-swelling and causes 
dimensional change during treatment. 


Odor 


Wood treated this way essen- 
tially odorless. fact, several months 
after treatment the most sensitive tests 
cannot detect any Experi- 
mentally, static system was used 
evaluate the odor contributing proper- 
ties the wood treated so. Butter was 
selected the test food because 
particularly prone absorption 
odors. was found that butter ex- 
posed small closed container with 
sample the treated wood for 
days absorbed preceptible 
flavors.” 


Glueability 


difficulty encountered glu- 
ing wood treated our method 
long the same precautions which 


2 - 0,31 lbs. Penta in AWPA P9 Solvent 


apply when gluing untreated wood are 
followed. Various delamination and 
glue shear tests performed our ad- 
hesive Department have substantiated 
the fact that the treatment does not af- 
fect the glueability the wood. In- 
terior and exterior grade plywood and 
laminated lumber have been and are 
being treated without adverse effects 
the glueline. 


Strength 


Although common knowledge 


that preservative treatment wood 


accordance with American Wood-Pre- 
servers’ Association standards does not 
have any significant effect its 
strength, toughness and shear tests 
were performed treated Southern 
yellow pine sapwood merely justify 
such statement for this material. 
Shear tests were also conducted 
clear black gum. The treated and un- 
treated controls were tested ac- 
cordance with ASTM Standard 143, 
“Small Clear Specimens Timber.” 
every case the results show 
significant differences strength be- 
tween the treated untreated 
material. 


Other Advantages 


Machineability and Workability: 
Treated lumber can machined with 
ordinary woodworking tools and 
workable untreated wood cor- 
responding quality and specie. 


Color, Cleanliness, Post-Process- 
ing and Weight: The natural color 
wood unchanged during the par- 
ticular processing regardless species. 
Since the treated wood clean and 
dry when removed from the treating 
cylinder, can shipped without 
further processing, thereby eliminating 
any delay due kiln drying other 
processing often necessary when other 
treating processes are used. The weight 
material essentially the same 
untreated wood. 


Treatability Various Species: 
Many refractory species, not previously 


B.S. Chemical Engineering 
Senior Process Engineer, Technical Depart- 
ment, Wood Preserving Division Kop- 
pers. Hug has his M.S. Wood 
Technology from Duke University; 
Senior Engineer with the Technical De- 
partment, Preserving Division 
Koppers. 
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CHARGE elm seat members just prior treatment 
with the new process. 


penetrable with conventional preserva- 
tives, can now satisfactorily treated 
with our process. This possible be- 
cause the treating solution very low 
viscosity. For comparison, our solu- 
tion has one-fifth the viscosity 
water 140° Experimental work 
progress our Technical Depart- 
ment Orrville, Ohio, has shown 
excellent results penetrating such 
material certain Douglas- 
fir heartwood, rock elm, redwood, and 
hickory. 

cite particular example, air 
seasoned Douglas-fir poles from the 
Everett, Washington, and Oroville, 
California, areas have been treated 
retention excess 0.35 pound 
penta per cubic foot the heartwood. 
The treatment Douglas-fir poles 
the West Coast with conventional pre- 
servatives has long been problem 
the industry. the past, heartwood 
penetration these poles has been 
virtually Early failures 
have thus been the case many in- 
stances where the protected sapwood 
area has checked exposing the un- 
treated heartwood zone for attack. The 
treatment under discussion would 
step toward correcting this situation. 


i. 


CHARGE fir and red oak lumber following treatment. 
FOREST PRODUCTS JOURNAL 


Presently, the most difficult treat, 
Intermountain fir, under investiga- 
tion treatability with our process. 


Cost the Consumer 


The new process competitive 
price with other water repellent penta 
treatments and kiln dried water-borne 
preservative treatments. the present 
time, have one plant operating 
commercially Orrville, Ohio, with 
other plants the drawing board. 
public acceptance warrants, addi- 
tional treating facilities will con- 
structed throughout the United States. 

Our company has prepared recom- 
mended results type specification for 
material our new process. Present- 
day specifications for most preserva- 
tive treatments specify the method 
processing rather than specification 
the characteristics qualities the end 
product should have. feel that the 
consumer should specify the type 
product desired, leaving the manufac- 
turer free process the material 
necessary order give the best end 
results. 

The quality control program cover- 
ing our treatment quite stringent. 
Preservative penetration and retention 


TRAM treated elm seat members. 


requirements for various commodities 
and species conform the standards 
set forth the American Wood- 
Association. Preservative 
penetration checked using the 
crystal violet method, while all preser- 
vative retentions are determined 
assay. 


This new process now opens the 
door for the use wood many in- 
stances previously thought unaccept- 
able. The very nature material 
treated this manner makes nat- 
ural for the light construction field. 
Its potential housing, military 
crating, laminating, and sandwich con- 
struction practically unlimited. Pre- 
fabricated items such window sash 
well lumber premilled close 
tolerances are also natural for this 
treatment. The increased emphasis 
leisure time activities, gives wood 
treated this process sizeable poten- 
tial the growing pleasure boat mar- 
ket well other marine craft. 
Ever growing public interest sports 
the professional level well 
our schools necessitates the building 
new stadiums and enlargement 
present-day facilities. Here wood 
treated our process can useful. 


| 


CHARGE treated Ponderosa pine. 
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Temperature 


Drying 


WAS FIRST DRIED artificially 
towards the end the 19th cen- 
tury. The method used was primi- 
tive one—fire gases were conducted 
into bricked kilns where the wood 
was stacked. Since the temperature 
could not controlled, there were 
often failures and great fire risk 
contend with. During World War 
the demand for timber with rela- 
tive low moisture content increased, 
particularly the United States for 
ammunition boxes for instance, and 
the problem artificial wood drying 
gained renewed attention the basis 
scientific methods. 

The problem had already been 
broached the Forest Products 
Laboratory (founded 1910, 
Madison, Wisconsin, cooperation 
with the University Wisconsin) 
two experts, Rolf Thelen and Harry 
Tiemann, who dealt especially 
with wood drying. Their results 
were published reports which were 
soon recognized outside the 
United States. 

1929, Germany, the interest 
artificial wood drying rose consid- 
erably. great extent this was due 
the foundation the 
chuss fiir (Committee 
for Wood Problems) which was sup- 
ported jointly the “Verein Deut- 
scher (Association 
German Engineers) and the 
scher (German Forestry 
Association). The indispensably close 
cooperation between wood producers 
and wood consumers thus 
stressed. The “Association German 
Engineers’ translated Thelen’s book 
the kiln drying wood and pub- 
lished for the benefit the Ger- 


*Presented the 1961 Annual Meeting 
the Forest Products Research Society, 
Louisville, Ky., Session (Division 
Drying B), June 21, 1961. 
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research, application, and 
experience Germany 


Institute for Wood Research and Wood Technology 
University Munich, Germany 
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MGrumbach, Average value for Araucaria cunninghamii 
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Fig. 1.—Effect temperature superheated steam upon equilibrium moisture content wood. 


High-temperature driers are 
simple operate, and the dry- 
ing periods are 1/3 
shorter than those required 
conventional kilns. There are 
certain disadvantages, how- 
ever,—discoloration the 
wood, blooming resin crys- 
tals, and the formation or- 
ganic acids. Here complete 
rundown their construction, 
operation, and the results ob- 
tained with their use. 


man woodworking industries. the 
same time, research projects were 
the fundamentals drying physics. 

The curves for the hygroscopic 
equilibrium, which any given tem- 
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perature (below 212° F.) describe 
the relation between moisture content 
wood and relative humidity the 
surrounding air, were now deter- 
mined with more accuracy. the 
temperature superheated steam, 
these curves represent the most im- 
portant tool for the control kiln 
drying. Keylwerth (1)* introduced 
“drying the ratio be- 
tween the momentary average mois- 
ture content wood and the average 
equilibrium moisture content which 
would reached the wood, pro- 
viding the wood dried the at- 
mospheric conditions the kiln 
existing that moment the 
steady state. This drying potential 
must kept constant level, and 
should adjusted the sensitivity 
the drying material well 
the quality requirements. wood 
more than 1-3/16 inches thick, the 


erature Cited the end this report. 
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volumetric swelling 


Fig. 2.—Relationship between relative humidity the air and 
moisture content spruce wood after pretreatment with 


different temperatures over hours. 


irying potential should about 2.0 
‘or softwoods and about 1.5 for hard- 
voods. For example, the wood 
percent, the equilibrium moisture 
content the drier for soft- 
woods and for hardwoods. the 
case wood less than 1-3/16 inches 
thick, with more enforced drying and 
less demand the drying material, 
the drying potential should amount 
4.0 for softwoods and 3.0 
for hardwoods. 


For long time, experimental 
data were available for drying temper- 
atures above 212° Not until 1949 
were curves for the equilibrium mois- 
ture content wood pure super- 
heated steam atmosphere provided 
Keylwerth (2) the basis tests 
and Eisenmann (3) through extra- 
polation. Additional data were pub- 
lished 1951 (4), Gru- 
mach (5), (6), and Koll- 
mann and (7) (Figure 
The fact that the equilibrium 
moisture content wood falls véry 
quickly with the temperature 
mospheric pressure superheated 
steam indicates the drying process 
can run the regulation temper- 
ature only. comparison kilns with 
below 212°F., 
the control becomes relatively sim- 
ple. too high temperatures are 
used, unsuitable low-average, final 
moisture content will obtained, and 
the moisture gradients from inside 
outside will very steep. The first 
tests drying with temperatures 
above 212° were made Czepek 
and Fischer (8). The principal goals 
were apply electrical heating eco- 
nomically small, high-grade, heat- 
insulated kilns and shorten the dry- 
ing periods. During World War 
and postwar years, there was pro- 
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Percent relative humidity 


Fig. 3.—Relationship between relative humidity the air and max- 
imum volumetric swelling spruce wood after pretreatment with 
different temperatures over hours. 


gress worth mention. With the begin- 
ning the economic recovery the 
Federal Republic Germany 1949, 
however, superheated steam driers 
came into more and more use the 
industry, and later their use spread 
outside Germany. 


Advantages 


characterize superheated steam 
driers, useful compare their 
advantages with their disadvantages. 
The following advantages exist (9): 

They are simple operate; 
only temperature control required, 
and the drying process may easily 
automatized. 

The drying periods required 
are from 1/5 1/3 shorter than the 
drying periods required conven- 
tional kilns, and the moisture con- 
tent can lowered rates rang- 
hour. 

The increased output makes 
possible master given drying. tasks 
with relatively small kiln volume. 

The closed, double-walled, all 
metal construction makes possible 
move the drier from place place. 

The double-walled construction 
also permits optimal heat insulation. 
The heat losses, which are consid- 
erable importance for the heat balance 
conventional kilns, can reduced 
remarkably, especially when the waste 
heat utilized for room heaters. 

For every kilogram water 
moved, approximately 0.88 kilowatt 
hours are required superheated 
steam drying wet softwoods and 
about 1.50 kilowatt hours for predried 
softwoods. Each pound water re- 
moved requires 0.40 kilowatt hours 
for wet softwoods and 0.68 kilowatt 
hours for predried softwoods. 


The hygroscopic behavior 
wood also favorably influenced 
the high temperatures. When wood 
dried high temperatures, the 
equilibrium moisture content for ad- 
sorption lies below that wood dried 
lower temperatures (Figures and 
3), and its tendency swell 
shrink reduced. The improvement 
result the formation lateral 
bridges between hygroscopic groups 
adjoining cellulose molecules. 
Thus, certain degree dimensional 
stabilization achieved relatively 
simple and cheap method. 

With proper control the dry- 
ing operation, splits and checks can 
avoided. For coniferous woods 
11/16 1-3/4 inches thickness, 
drying temperatures between 239° 
and 266° are applicable. With 
broad-leaved woods, more care re- 
quired, especially the initial mois- 
ture content lies above the fiber satu- 
ration point. rule, the drying 
temperatures should not exceed 
248° 


Disadvantages 


The following disadvantages have 
accepted: 

With increase temperature, 
the color the wood surface becomes 
yellowish yellowish-brown. This 
discoloration more distinctly notice- 
able cross sectional areas than 
longitudinal areas. Normally, only 
penetrates few tenths millime- 
ter into the wood (Figures and 5). 
Nevertheless, customers often regard 
wood showing such discoloration 
being inferior quality. effort 
should made educate the con- 
sumer take this harmless stain 
proof that the wood has been dried 
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Fig. 4.—Reduction relative whiteness 
(reflection) pine wood 
with monochromatic light different wave 
length dependence drying time for tem- 
peratures 140° and 248° 


Relative whiteness 


106 176 32032 106 176 268 320°F 


Drying temperature 


Fig. relative whiteness 
pine wood samples radiated with mono- 
different wave length 
after drying period hours with differ- 
ent temperatures. 


superheated steam, and has the ad- 
vantage improvement swel- 
ling properties. 

high temperatures, resin 
emerges from the resinous woods, es- 
pecially from the existing resin-ducts 
and cavities. The solvents evaporate, 
and the resin acids crystallize, which 
produces unsightly surface. Fur- 


Fig. 6.—Small movable superheated steam drier, pile partly pulled 
(construction: Hildebrand G.m.b.H., 
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thermore, subsequent machining 
the wood the knife-edges blunt 
quickly result the smashed 
resin crystals. 

the wood contains loose 
knots, these usually drop out during 
superheated steam drying. 

failures occur the drying 
operation, warping, twisting, collapse, 
and splitting may the result. 

The moisture gradient 
mally far steeper over the 
tion wood dried this method 
than that wood dried conven- 
tional methods. When constant final 
moisture content over the cross section 
required, such wood for series 
production radio television 
cabinets where close tolerances are re- 
quired, equalization improve- 
ment period must follow the super- 
heated steam process. 

quantities organic acids, such 
formic and acetic acid, must ex- 
pected, especially when drying broad- 
leaved woods. The inside parts su- 
perheated steam driers have 
constructed ma- 
terials, which causes 
rise production costs. 

The fire risk also increases 
certain extent with the high 
ing temperatures. 


Construction High Temperature 
Driers 


previously mentioned, the high 
temperature driers contain double- 
walled housings with vapor-proof 
inner sheet-mantle (Figures and 7). 
Not all high temperature driers are 
actually corrosion resistant inside, un- 
less they are manufactured pure 
aluminum stainless steel plate. Fre- 
quently, the inner mantle welded 
from ordinary steel plate 
vided with protective coating. The 
insulation between inner 
mantle generally layer 


glass wool packing. improve 
the insulation against loss heat, 
layer hardboards can added 
the outer sheathing. essential 
prevent heat bridges. One method 
asbestos insulation 5/32 
for particular parts the drier ceiling 

usual high temperature 
(10) having capacity 1,250 
1,700 board feet edged boards 
for example, feet, inches long 
feet wide, and feet, inches high 
The kiln volume 530 cubic feet 
the available stacking space 250 cubic 
feet. The surfaces for loss heat 
this drier amount 306 square feet. 
The weight the drier ready for 
eration 7,700 pounds. The electric 
heating system the drier has totai 
switched into two different steps— 
with kilowatts with kilowatts 

The drying agent moved four 
reversible axial fans which are run in- 
dividually and which change their di- 
rection rotation every minutes 
the automatic operation elec- 
tric switch. Adjustable flow guides 
keep the velocity the drying agent 
constant both sides the kiln over 
the total height the pile. 

The automatic control consists 
switch clock that, after 
mined period, switches off the heating 
and, after the following cooling pe- 
riod, the fans. 

Temperature regulated dime- 
tallic relays both sides the kiln 
door, and the temperature the fresh 
air kept constant. Originally, water 
channels running above the heating 
rods with slight incline the 
tudinal direction the kiln were used 
spray installation. With this 
setup, however, full saturation could 
not achieved. Therefore, spray 


nozzles were fitted below 
ing rods spray water directly 
toward the heater and thus 
good evaporation. 


induce 


Fig. 7.—Large superheated steam drier (construction: Eisenmann 
K.G., Boblingen near Stuttgart). 
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The heat insulation drying 
plant can characterized the basis 
the coefficient heat transmission 


2,053 


This coefficient can computed 
the construction data 
sum the particular resistivities 
heat: 


(1) 
vhere 


British thermal units per square 
foot per hour per °F. the 
heat-transfer coefficient between 
the inside drying agent and the 
surfaces the inner construc- 
tion parts, 

British thermal units per square 
foot per hour per °F. the 
heat transfer coefficient between 
outside-air and the outer wall 
surface, 

feet, the thickness the re- 
spective layer the construction 
part, and 

British thermal units per square 
foot per hour per °F. are the 
corresponding coefficients 
thermal conductivity. 


the present case (10): 


2,050 British thermal units 
per square foot per hour 
per °F. 

1.43 British thermal units per 
square foot per hour per °F. 

0.0066 feet 


0.3936 feet 


0.0164 feet 

40.3 British thermal units per 
square foot per hour per °F. 

0.034 British thermal units 
per square foot per hour 
per °F. 

0.064 British thermal units 


Fig. 8.—Increase temperature the 
air affected the fans dependence 
time. 
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per square foot per hour 
Hence the following results: 


0.0066 0.3936 0.0164 
40.3 0.034 0.064 1.43 


0.0797 British thermal units 


per square foot per hour 
per °F. 


The calculated value extremely 
low and thus unusually favorable. 
reality, however, far more unfavorable 
conditions are expected. get 
correct result, cooling tests have 
carried out (7). The heat content 
the complete kiln computed for 
the initial and the final temperature 
the cooling test. The difference 
equal the heat loss during the pe- 
riod cooling: 


British thermal units 
(2) 


having the following meanings: 


Ory 


Fig. 9.—Cross section through 
heated steam drier (construction: Benno 
Schilde G., Bad Hersfeld) showing ar- 
rangement fan, heating coils and flow 
conducting guides. 


British thermal units 


British thermal units 


heat capacity the plant the beginning 
the cooling test 

heat capacity the plant the end the 
cooling test 

temperature inside the kiln the beginning 
the cooling test 

temperature inside the kiln the end the 


cooling test 


British thermal units 
per square foot per 
hour per °F. 

square foot 


average outside-air temperature during the 
cooling test 


coefficient heat transmission 


heat-abducting surface 


duration test 


transformation equation (2) 
for the coefficient heat transmission 
the following expression results: 


British thermal units per square 


circulation velocity 


« —13,5m/s(2660 ft.p.min) 


foot per hour per °F. 


(2a) 

Heat capacity the plant the be- 
ginning drying test, was 
shown 457,750 British thermal 
units, and the heat capacity the 
plant the end the test, was 
354,805 British thermal units. For the 


Drying rate 
(Decrease percent m.c.per min) 


Percent moisture content 


Fig. 10.—Influence circulation velocity upon drying rate water saturated pine-sapwood, 
drying temperature 149° F., relative humidity percent. 
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Fig. 11.—Influence circulation velocity upon drying rate green 
beech wood, drying temperature 149° F., relative humidity 


cent. 


temperatures and for the test period 
the following measured figures 


have indicated: 


60.8 °F. 
hours 


The heat-abducting surface was pre- 
viously stated 430.6 square feet. 
Having substituted all values into the 
equation (2a) shown that: 


0.275 British thermal units per 
square foot per hour per °F. 


This value relatively high and the 
question how the high value could 
obtained with the low coefficient 
heat transmission previously com- 
puted from the construction data. 
general, the difference can ex- 
plained heat bridges, leaks 
the inner mantle through which water 
came into the insulation lining, and 
convection losses through other 
leaky spots. 

remarkable amount the power 
delivered the electromotors the 
fans transformed into heat air 
friction the fans, the kiln walls 
and the wood pile which affects the 
heat balance high temperature 
drier. this way, one part the fan 
power adds the heating effect 
(8, 10, 11). 


—— cireuistion (580 ft. p min) 


content 
Fig. 13.—Influence circulation velocity 
drying rate for pine-sapwood (original 
moisture content about percent) the 


range lower moisture contents, drying 
temperature superheated steam 235° 
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Fig. 12.—Influence circulation velocity upon drying rate water 


saturated 


Figure illustrates the rise tem- 
perature the kiln air caused the 
fan operation relation the run- 
ning time. 


Distribution Temperature 
and Flow Speed 


For the uniformity any drying 
process, especially for superheated 
steam drying, uniform distribution 
temperature and flow speed the 
kiln particular importance. This 
required not only for both sides 
the kiln but also over the height, 
width, and length the piles. 
this respect, carefully constructed high 
temperature driers are generally fully 
satisfactory. high temperature 
drier size and type described here, 
steady temperature fields are 
expected after hours. Careful 
measurements should made 
regular intervals. The temperatures 
can measured, regulated, 
corded easily with electric instru- 
Instruments for electric-resist- 
ance measurement are very exact and 
simple use. Thermoelectric meas- 
urement devices are cheaper, but they 
require very careful operation. They 
are recommended for indirect meas- 
urement the relative humidity 
kiln and the moisture content 
the wood during the drying process. 

The significance the field flow 
the driers has been pointed out 
different experts. Guide sheets have 
been recommended Thunell (12) 
the best solution for uniform air 
supply through the pile. Sturany (13) 
tion the flow can achieved 
(Figure 6). Understanding and cor- 
rectly applying the laws flow will 


pine-sapwood, drying 


temperature superheated steam 


enable one produce uniform air 
flow throughout the pile. This can 
accomplished without special acces- 
sories, even conventional kilns. 

The uniformity the flow over 
the total pile decisive for the uni- 
formity the drying the total 
kiln charge. 

During the drying process, 
boundary layer saturated with water 
vapor developed the wood sur- 
face. The thickness this layer de- 
pends upon the roughness the sur- 
face and the flow velocity. The thicker 
this boundary layer is, the greater 
the resistance the diffusion va- 
por from the wood the drying 
steam-air mixture. Thus, the drying 
process retarded. prevent thick 
layers, the air velocity must kept 
high rate possible. Power 
consumption the fans, however, in- 
creases with the third power ve- 
locity, which sets economic limit. 
Formerly, approximately 490 feet per 
minute was considered the upper 
limit. Now, however, believed 
that rates 1,575 feet per minute 
and higher may justified. 

Recent, not yet published, investi- 
gations the Institute Wood Re- 
search and Wood Technology proved 
that the influence circulation veloc- 


The Dr. Ing 
world renowned authority 
forest 


nology. The 
numerous technical publi 
cations, including the 


book Technology Wood and Wood Bas: 
Materials, now editor the 
Holz als Roh-und Werkstoff now it: 
19th volume. 
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Drying 


Fig. 14.—Course temperature, relative vapor saturation and 
average moisture content for the drying originally wet spruce boards 
inch thick mixture superheated steam and air according 


Egner. 


ity upon rate drying far more 
important high temperature drying 
than conventional kiln drying 
(14). Figures and show that 
the latter case the influence 
greatest during the initial drying pe- 
riod, which characterized con- 
stant drying rate. During the follow- 
ing period decreasing drying rate, 
this influence more and more de- 
creased. disappeared completely 
moisture contents above the fiber sat- 
uration point the vicinity per- 
cent. Quite different are the phenom- 
ena for high temperature drying. Fig- 
ure shows that the influence cir- 
culation velocity upon rate drying 
still pronounced even for moisture 
contents below the fiber saturation 
point. Figure shows that, one ex- 
periment, the drying rates for low 
and very high circulation velocity 
did not become equal until the mois- 
ture content 6.5 percent was 
reached. The flow wood piles prac- 
tically always has regarded 
being turbulent; however, the bound- 
ary layer itself might laminar. Gen- 
erally speaking, the following 
cal formula for the dependence be- 
tween the drying time and the air 
velocity seems valid: 


(5) 


whereby implies the circulation ve- 
locity and and are constants. 


Examples Drying 


Figure shows the course tem- 
perature and relative humidity en- 
tering and leaving the drier 
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Outlet side 


2nd layer from bottom 
middle -------at the end 


boards after drying 


side 


Distribution m.c.u over 
board cross section after 


drying 
Outlet side 


Inlet side 


Fig. 15.—Distribution average moisture content and moisture 
gradient boards after the drying according Figure 14. 


well that the average mois- 
ture content 1-inch thick wet 
spruce boards super-heated 
steam drier (11). can seen 
that the temperature the air 
entering was 230°F. constantly. 
insure accurate test, the fresh-air 


air 
Dutlet air. 
120 


me. 


damper was not opened throughout 
the whole experiment. During the 
main part the drying, values rel- 
ative humidity between and 
percent resulted the air-inlet side 
and the values the outlet side were 
between and percent. was 


284 


percent 


Temperature (°F ) 


Orying period 


Power consumption 
per (b water evaporated 


Drying time (h) 


Fig. 16.—Course temperature, average moisture content and energy consumption for the 
drying pine wood inch thick according Keylwerth, Gaiser, and Meichsner. 
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Drying 


Fig. 17.—Course temperature, relative vapor saturation and 
average moisture content for the drying originally air dry beech 
wood inches thick mixture superheated steam and air 


according Egner. 


only during the last drying hours 
that saturation the air inlet side de- 
careful control the drying, the dry- 
ing rate was rather high, 3.86 per- 
cent per hour. Figure gives survey 
the average moisture content the 
boards after drying and the mois- 
ture distribution the cross section 
board after drying. The greatest 
deviations the average moisture con- 
tent recorded amounted percent. 
This value was not exceeded over the 
length, height, and’ width the pile. 
The distribution the moisture con- 
tent was rather equalized. The boards 
retained their shape and remained free 
checks, but conspicuous, although 
for most purposes unimportant, dis- 
coloration was present. 

further example furnished 
Figure for superheated steam dry- 
ing 1-inch pinewood from 
tial moisture content 125 percent 
final moisture content 6.7 percent 
(10). The data shown this graph 
concerning power consumption are 
also remarkable. The area enclosed 
curve No. represents the total power 
consumption kilowatt hours, curve 
No. the power consumption per kilo- 
gram water removed during the 
heating period (the required fan out- 
put included), and curve No. repre- 
sents the power consumption during 
the heating period (without fan out- 
put). interesting see how the 
overall drying time can subdivided. 


514 


Outlet 

content 
Equilibrium 


Average Umin the 


Distribution m.c.u over 


boards after drying board cross section after 
drying 


front 


2nd layer frombottom 


Moisture content: 
middle the end 


Fig. average moisture content and moisture 
gradient boards after the drying according Figure 17. 


For total 33.3 hours, the warm-up 
period lasts hours, the actual drying 
process 28.0 hours, and the period for 
equalizing possible differences 
moisture content 1.3 hours. The total 
power consumption per kilogram 
water removed amounted 0.88 kilo- 
watt hours 0.40 kilowatt hours per 
pound. The slightly zigzagged course 
the temperature curve explained 
the reversing the fans every 
minutes. The average drying rate was 
percent per hour. 


Figure shows the superheated 
steam drying beech 
boards (11). Superheated steam dry- 
ing was applicable because the ma- 
terial was already air-dry. Its initial 
moisture content, the average, 
amounted about percent. can 
recognized, the drying test was not 
run very carefully. the side the 
supply air temperature approxi- 
mately 239°F. was maintained 
whereby the leaving-air temperatures 
increased from about 221°F. 
228°F. The relative saturation the 
entering well the leaving air de- 
creased significantly after the fourth 
hour, and hours later amounted 
Nevertheless, qualitative perfect dry- 


ing could achieved. The average 
moisture content the boards and the 
distribution moisture content 
proved equally satisfactory, shown 
Figure 18. The rate drying, 
the average, reached 1.5 percent per 
hour. Most experiments 
heated steam drying wet hard- 
woods, did not lead satisfactory re- 
sults. drying process carried out too 
sharply causes more less strong in- 
ternal checks and cell collapse 
great extent. Also the 
shrinkage substantially exceeded that 
normal drying. Passing over 
particularly careful drying process the 
average moisture reduction may de- 
crease 0.3 percent per hour. 
true that internal checks not occur 
anymore but the total shrinkage ex- 
ceeds that normal drying 
times. This abnormal shrinkage 
the cell collapse. The boards are 
warping very strongly their 
whole cross sections show dark 
discoloration. 


Summary 


first the high temperature driers 
developed the Federal Republic 
Germany proved good for the drying 
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softwood timber that not too 
resinous and for the drying air-dry 
hardwoods. These driers can found 
many plants the wood-processing 
and woodworking industries. They can 
run with either pure superheated 
steam with mixture superheated 
steam and air. general, the latter 
the case. Above the fiber saturation 
point the wood temperature rarely ex- 
ceeds the temperature the wet-bulb 
thermometer. Since the moisture con- 
ductivity and the diffusion resistance 
coefficient increase large scale 
with the temperature, superheated 
steam drying with respect the rate 
drying, has superior con- 
ventional drying with steam-air mix- 
ture. The construction the driers 
has carried out with special 
care, corrosion resisting quality al- 
ways required hardwoods are also 
dried. The heat insulation has 
furnished most carefully, partic- 
ularly heat bridges have avoided. 
The smallest leakage can bring ex- 
treme deterioration the heat insula- 
tion. High temperature driers which 
are built and operated correctly guar- 


THE MOST PRESSING PROB- 
LEMS facing the forest products 
industries today are how get more 
wood products value from each 
tree and how get this value econ- 
omically. spite some recent ma- 
jor gains the utilization waste 
material, there still very significant 
portion the tree which left the 
woods. 

Although are now using chain 
saws, trucks, and other mechanical 
aids, the job getting wood fiber 
from the forest still not highly 
mechanized and expensive. These 
two major problems, utilization and 
costs, can approached very 
unique way through process bark- 
chip separation. 

All forest operations generate tre- 
mendous wastes valuable wood 
fiber. Sawlog tops, 
small thinnings, and broken trees all 
contain good. wood fiber that cannot 
processed through the present har- 


the 1961 Annual Meeting 
the Forest Products Research Society, 
Louisville, Ky., Session 16, Division 
(Timber Production), June 22, 1961. 
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antee not only high drying rate but 
also thoroughly satisfactory quality 
the drying-charge. the case 
thick softwood timber with 
initial moisture content above per- 
cent the drying rate is, 
limited only the heating power. 
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high percentage good wood fiber now wasted could 
salvaged for pulp chipping the wood first then separating out 
the bark. Lower fiber harvesting costs might result from handling 
normal pulpwood this same manner. The process described 
here has achieved successful separation limited scale with 
wide variety common species. Most bark-chip mixtures are 
reduced from bark bark and there promise that 
modification the process will yield further improvement. 


vesting methods which involve the 
barking drum followed mill chip- 
ping. The volume this waste 
very significant and may approach 
percent the available fiber 
given tree. good portion this 
waste could salvaged for making 
pulp chipping the wood fiber 
first, regardless its form, and then 
separating out the bark later stage. 
This same system would work equally 
well for waste from small sawmills 
where individual debarking equipment 
cannot justified. 

Over and above any increase util- 
ization, entirely possible that the 
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overall harvesting wood fiber for 
pulp, getting the fiber from the stump 
the digester, could done more 
economically one could get the fiber 
chip form sooner rather than 
After all, harvesting largely mate- 
rials handling problem and chips can 
considered fairly uniform semi- 
fluid which can conveyed, blown, 
piped rather simply. 

All these possibilities for better 
utilization and lower costs depend 
upon commercially practical method 
separating bark from chips. Un- 
til now such method has been 
available. 


515 


q 
q 
g 
q 
J 


id 


least two organizations addi- 
tion the Hosmer Machine Company 
have carried research and develop- 
ment work the field bark-chip 
separation. The Bauer Brothers Com- 
pany Ohio, developed 
air flotation system separation 
1952.1 Although they were able 
achieve separation some species, 
they found generally that the method 
did not yield low enough bark con- 
tent satisfy most pulping opera- 
tions. More recently, group paper 
companies have sponsored extensive 
research and development work the 
Battelle Memorial Institute Colum- 
bus, Ohio. One the results this 
work was the development separa- 
tion process based water flotation 
assisted vacuum. This method has 
since been incorporated into 
scale commercial installation which 
has started operation only recently. 
Very little has been published 
either the process the commercial 
plant that impossible eval- 
uate the process this time. 


Basic Principles 


Several years ago, our company in- 
stituted research project look into 
ways approaching this problem 
separating bark from chips. The earli- 
experiments involved wide 
variety basic principles including 
sonics, mechanical actions, 
charges, and several types flotation. 
Some these principles quickly 
proved unworkable. 

our experiments with the me- 
chanical structure bark and chips 
found that the two react very dif- 
When fresh green chip subjected 
pressure, simple arbor press, 
the chip will temporarily deform but 


from chips and wood pulp, Paper Trade 
Journal. December 19. 


516 


Fig. 1.—Compression rolls seen from below. 


when the pressure released the chip 
will bounce back its original shape 
with very little change 
structure. Bark reacts very differently 
for under the same compression condi- 
tions, bark will break splay 
apart. Apparently the fiber structure 
the chip makes resilient, within 
limits, this pressure whereas the 
bark, which has different physical 
structure, will not stand under the 
same pressure. all the possibilities 
looked into, this compression ac- 
tion seemed the most promising. 
carry out the compression ac- 
pair steel rolls (Figure 1). The 
rolls are rgidly mounted provide 
constant spacing between them 
from 0.020 inches 0.100 inches. 
The rolls are both powered the 
same speed and the chip-bark mixture 
fed into the roll nip from above. 
Figure the rolls are shown from 
below and therefore the chips and 
bark are seen after the compression 
has taken place. One roll knurled 
very slightly aid feeding the 
chips and bark while the other roll 
smooth. the material passes through 
the nip the rolls the bark and chips 
are both compressed the desired de- 
gree and the-same time certain 
amount material adheres the 
roll, carried around, and doctored 
off. This doctored material tends 
all bark since bark seems have 
adhesive quality under these condi- 
tions, that the compression roll not 
only compresses the mixture but also 
removes some part the bark. 


Further experiments indicated that 
for most species under normal condi- 
tions, the compression action alone 
would not sufficient. supple- 
mentary action, second major type 
roll construction was devised which 
proved effective breaking bark, 
particularly thin flaky barks which 


rolls seen from below. 


were not attacked effectively simple 
compression. This second construction 
consists grooved rubber roll 
riding against toothed steel roll 
(Figure 2). The outfeed nip the 
rolls shown from below. Both rolls 
turn the same surface speed and are 
rigidly mounted that tooth the 
steel roll directly opposite groove 
the rubber roll. The spacing be- 
tween the rolls may adjusted 
that the rolls are apart, tangent, 
intermeshed desired. the mix- 
ture bark and chips passes through 
the rolls, the pressure the steel 
teeth against piece bark will tend 
break the bark; this same pressure 
against chip will cause the chip 
compress the rubber since the chip 
much stronger structure. The chips 
therefore pass through the rolls unaf- 
fected, whereas the bark broken into 
smaller pieces. Further than this, some 
minor portion the mixture will 
stick either the steel roll the rub- 
ber roll, carried around, and doc- 
tored off. Ideally, this doctored mate- 
rial should all bark but prac- 
tical matter there some wood loss 
and the amount the loss will vary 
considerably from one specie the 
next. 


There tremendous number 
possible variations the two major 
constructions described above. Some 
these variations merely represent 
different operating variables such 
roll speed and nip spacing, and 
have identified some such major 
operating variables the two con- 
structions. Other variations are indeed 
different constructions, although many 
the basic principles are the same. 
have found, for example, that 
running hard rubber roll against 
steel roll with zero gap very effec- 
tive for some types material. 
Although have experimented with 
these variations some extent, most 
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our work has been with the two 
constructions described. 


Laboratory Pilot 


became apparent that 
simple one- two-stage mechanical 
process would not totally effective 
most situations. What was required 
was series mechanical actions 
joined into integrated process. The 
chief difficulty proceeding with this 
multi-stage process was the wide 
variation species had work 
with, for each specie type mate- 
rial had different physical characteris- 
tics and therefore ideally should 
processed through different order 
tions. was obvious that could 
build the best process combination 
concentrating our entire attention 
one specie, but did not want 
tie ourselves single specie until 
had reasonably clear idea 
where the initial application for the 
process might be. 

The compromise worked out 
was devise multi-stage process 
which worked fairly well all the 
species were working with the 
time. was our plan use this first 
pilot unit that is, 
would hold all the major process 
variables constant and study the effects 
wide range species and types 
this standard process. this way, 
hoped learn great deal about 
the internal workings the process 
and get general indication its pos- 
sible applications. the same time, 
believed that the pilot unit would 
provide means demonstrating the 
process people the industry. 

The laboratory pilot unit con- 
structed pictured Figure This 
unit stands feet high, measures 
feet from one end the other, and 
made three sections: the com- 
pression roll section, the grooved roll 
section, and the screen. The flow 
chips and bark through these sections 
illustrated Figure which shows 
the three sections series. 

The initial stage, the compression 
roll section, consists two sets 
steel compression rolls with shaker 
screen between. Figure the 
compression roll section occupies the 
left half the machine. The two sets 
compression rolls are identical 
construction the steel compression 
rolls described earlier. The upper roll 
set adjusted that the gap between 
the rolls greater than the lower set. 
The lower set gives more severe 
compression. The screen sorts out the 
larger material after the first compres- 
sion but allows the smaller pieces 
pass through the second compres- 
sion. During both compression actions 
some material sticks the rolls, 
carried around, and doctored off into 
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Fig. 3.—Shown the Laboratory pilot unit; made three sections: 
the compression roll, the grooved roll, and the screen. 


waste pans; this waste principally 
bark. 

Bark and chips which have passed 
through one both compressions 
drop onto the slanting conveyor shown 
the center Figure and the con- 
veyor carries them into the grooved 
roll section. This section occupies the 
upper right hand portion Figure 
and made three identical sets 
grooved rolls. These rolls sets are 
very similar the grooved roll con- 
struction described earlier, each set 
consisting grooved rubber roll 
riding against toothed steel roll. The 
three rolls are arranged that all 
the material entering the 
passes through the first roll, the 
throughput from the first roll passes 
through the second, and the waste 
from the first roll passes through 
third. The purpose this multiple ac- 
tion further break the bark 
that can screened out later. 
described earlier, some material sticks 
the various rolls, carried around, 
and doctored off. Doctored material 
from the second and third roll set 
discharged into waste pans. 

Material which passes through the 
grooved rolls drops onto 
screen which the final stage the 
process. The smaller bark pieces plus 
wood fines will sift through the screen 


into waste pan; the good chips 
which have been separated move over 
the top the screen and into 
receiving chip bin. 

The easiest way visualize the en- 
tire process follow through 
typical sample shown Figure 
This particular sample was mixture 
bark and chips made chipping 
some southern pine slabs which came 
from sawmill South Carolina. The 
total weight the sample used this 
test was 3,435 grams and 17.4 percent 
this weight was bark. 

The mixture fed into the com- 
pression roll section. Most the mix- 
ture passes through this section and 
the next, but some part the 
mixture removed from the process 
the compression rolls doctored 
waste. This waste found consist 
342 grams bark together with 
grams chips. The analysis 
waste material made hand 
separation. 

The grooved roll section accepts the 
mixture from the compression roll 
section, generates its own doctored 
waste, and passes most the material 
the screen. The doctored waste 
removed the grooved rolls found 
grams chips. The waste which 
sifted through the screen was found 


TEST RESULTS CHIP-BARK SEPARATION PROCESS 


Test 
No. Species and Type 


124 Southern pine roundwood 
pine 
162 Southern pine 


126 Mixed appalachin hardwoods 
178 Mixed northeastern hardwoods (primarily 


maple and 


Input Output, Percent 
Percent Bark Chip Loss 
10.4 1.5 5.2 
17.4 1.1 3.9 
14.8 1.5 8.9 
1.8 6.5 


*Selected samples show effect standard process wide variety species 


and types. 
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Fig. 4.—Shown are the three sections series; the process flow 
consists chips and bark passing through these sections. 


191 grams bark plus some 
wood fines. 

The output also analyzed 
hand separation and found 
2,669 grams bark-free chips together 
with grams bark which the 
process did not remove. Our calcula- 
tions show that this output fraction 
1.1 percent bark weight and that 
the process separation have 
lost 3.9 percent the total chips 
available us. Stated another way, 
have removed about percent 
the bark from this mixture and the 
the chips. 


Test Results 


the past year, have made 
almost 200 separate test runs similar 
the one just described, each with 
complete analysis output bark con- 
tent, wood loss, and fines loss. Some 
different species and types 
chipped material are included 
these tests representing every major 
forest area east the Mississippi. The 
tests were carried under variety 
climatic situations including frozen 
and locked bark conditions. The table 
shows the results tests from the 
200 which give some indication the 
range species which have been 
successfully handled the 
process. 

one might expect, not all species 
react the process equally well, and 
even within limited range species 
such factors chip size, moisture con- 
tent, and climatic condition affect the 
separation results extent. 
Some species such elm, hickory, 
and hemlock are not very respon- 
sive the process. However, most 
species under most conditions 
respond very favorably may 
seen from the table. 

indicated before, since each type 
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PROCESS FLOW 


FIG.S 


physical characteristics, each material 
ideally should have the 
ored its own physical characteristics. 
All the tests thus far have been 
made the process prev- 
iously described. believe therefore 
that digging deeper into the peculi- 
arities each specie mix, could 
modify the process give better re- 
sults than can obtain with our gen- 
eral purpose unit now stands. 
The amount improvement possible 
course open conjecture but 
based our test results thus far 
believe that commercially satisfactory 
separations can achieved with this 
all significant pulp species, 
with very few exceptions. believe 
that the bark content most specie 
bark weight and that the process 
separation more than percent 
the wood fiber would lost. 
appears that such performance 
would totally acceptable most 
situations pulpwood harvesting par- 
ticularly where one can get more wood 
from each tree this method. 


Pulp Evaluations 


Although the chip rebounds its 
original shape immediately after the 
compression action, there some tend- 
ency for the crushing action “open 
up” the chip along the fiber line. 
From the very beginning specu- 
lated what effect this opening 
action might have pulp and paper 
quality. the one hand, the action 
might speed liquor penetration and 
aid cooking; the other hand, there 
might some fiber damage which 
would lower the pulp quality. 

Within the past months two pa- 
per companies, the course investi- 
gating our process, have independently 
conducted complete pulping evalua- 
tions chips which have been 
processed through our laboratory pilot 


PROCESS FLOW TYPICAL SAMPLE 


SOUTHERN PINE SLABWOOD 
CHIPPED WITH THE BARK 


OUTPUT 


GROOVED 
ROLL 
SECTION 


BARK - 34 
CHIPS- 82 


BARK CONTENT 1.1% 
CHIP LOSS 3.9% 


FINES-60 
TEST 137 


Fig. the entire process shown 
following through typical sample. 


unit. Neither these evaluations 
entirely complete the date this 
writing but the companies have gone 
far enough draw several tentative 
conclusions: 


They found only very minor 
loss pulp strength due the 
crushing action the process. 
many cases, there appeared 

They found that screen rejects 
after pulping were reduced very 
significantly for chips which had 
been processed through the sepa- 
ration unit. This was believed 
caused the roll action break- 
ing all the knots present 
which assured more uniform 
cooking conditions. 

They found that the dirt count 
was reduced for material which 
had been processed prior cook- 
ing. was felt that this benefi- 
cial effect was probably due 
reduction uncooked shives 
the pulp, another indication 
uniform cooking. 


view our limited experience, 
all conclusions with regard pulping 
effects must considered tentative 
this time. However, several groups 
people working independently this 
subject seem agree that the crush- 
ing action use does not injure the 
pulp. fact, most the evidence 
they have found seems indicate that 
there are great many advantages 
processing chips through compression 
rolls quite aside from bark separation. 


Future Program 


have carried out investigations 
using very high speed motion pictures 
study the effects feeding chips 
into the roll nip high feed rates. 
These studies have given use some in- 
sight into the production rates possible 
for given roll size and this turn 
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has given use some notion the 
probable construction costs. From 
these tests have the feeling that our 
roll process bark-chip separation 
can entirely competitive with 
gard investments and operating 
costs but these feelings will need 
confirmed more rigorous 
investigation. 

There are some paper mill situations 
where process similar our lab- 
atory pilot plant could applied right 
now without further development. 
semi-chemical and 
other pulps going into the lower paper 
grades are sometimes not too con- 
cerned with getting all the bark 
out their chips and these mills 
could use the process have worked 
out with very little modification. How- 
ever, most kraft pulp mills seem re- 
quire chips with the bark content re- 
upon the end use the pulp they are 
producing. These mills make the 
major part the nation’s pulp ton- 
nage and any giant steps are 
taken get higher utilization and 
lower harvesting costs, the methods 
used must applicable some way 
these mills. 


WALTER WALLING 


Georgia-Pacific Corporation 
Portland, Oregon 


ARDBOARD HAS BECOME impor- 

tant American and world-wide 
thing, and future potential will over- 
shadow achievements date. But to- 
day the American economy annually 
absorbs two and one-quarter billion 
square feet basis) hard- 
board which two billion manu- 
factured the United States. That 
volume makes important. 

From the standpoint utilization 
natural resources that over one 
million tons wood that could not 
used the form lumber ply- 
wood. From the wood products indus- 
try’s point view not only provides 
sales volume, but also helps reduce 
overall costs giving value raw 


the 1961 Annual Meeting 
the Forest Products Research Society, 
Louisville, Ky., Session Division (Par- 
ticle and Fiber Processes), June 21, 1961. 
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are confident that the mechan- 
ical separation process have de- 
scribed fully capable serving 
these mills but readily admit that 
additional development required 
achieve consistant bark contents 
tolerable wood loss. This additional 
refining and further development 
the process the crux our future 
program. 


Conclusions 


The possibility separating bark 
from chips holds great promise im- 
proving our present methods har- 
vesting wood fiber. 

Although there much yet 
done, appears that the princi- 
ples are using separate bark 
from chips have been shown 
essentially sound. have built and 
are now operating laboratory pilot 
unit which vividly demonstrates these 
and gives opportunity 
explore the inner workings the 
process. have made almost 200 
separate test runs this pilot unit 
using most major commercial species. 
many these tests have 


Hardboard... 


achieved separation results which are 
commercially attractive. 

The next step refine and im- 
prove the process working inten- 
sively with limited range species. 
Thereafter hope design and 
construct field pilot unit prove 
out the commercial possibilities 
the process. 


The Author: Blackford vice 
president the Hosmer Machine Com- 
pany, Inc. was graduated from Purdue 
University Electrical Engineering 
1951; and the Graduate School Business 


Early experiments which led the de- 
velopment the process described were 
carried out the Hosmer Machine Com- 
pany under the direction Mr. Blan- 
chard, chief engineer the company. 
Evaluation the pulping quality proc- 
essed chips was first carried out the Re- 
search Department the Champion Paper 
and Fiber Company. More recently simi- 
lar investigation was made the Northern 
Division the International Paper Co. 
and foreign the process 
described this report have been ap- 
plied for. 


state the industry 
and its use practice 


The excellent growth record hardboard has resulted 
its importance world-wide industry. Hardboard has 
some difficult merchandising problems, however, and the 
exuberance add new plants has led serious over- 
production. Now, the challenge research assist the 
industry closing the over-production gap concen- 
trating its efforts toward development new uses. 


material that was formerly waste. 
Hardboard important value 
many industries who use the best 
available raw material for their 
applications. 

Hardboard has become important 
marketing channels—building material 
distributors and dealers. Lumber deal- 
ers average $8,000 $10,000 per 
year hardboard sales, and some deal- 


Reprints Available. Circle Item 25. 


ers sell much $40,000 $50,000 
worth. Lumber dealers total sell 
the order $25,000,000 worth 
hardboard per year. That means that 
small buyers use and benefit from about 
one-half billion feet per year. Consider 
the benefits that have been provided 
home owners, stores, and industry 
the storage and display functions 
perforated hardboard. other ma- 
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terial has the combined structural and 


cost properties perform these 
functions. 


New ideas and products are interest- 
ing, but they only become really im- 


portant when many people benefit 
from them. 


Hardboard, Product Research 


Wood products research people can 
rightly share pride the importance 
hardboard. Not only was the origi- 
nal hardboard child research, but 
also refinements that original proc- 
ess and number new processes 
have been born out research. 


The original hardboard used the 
own lignin, reactivated high 
pressure explosion the chips 
bind it. Later developers learned 
add synthetic resins the wet mix 
serve binder, eliminating the explo- 
sion process. Both types were formed 
continuously, and then the technique 
pressing between two plates pro- 
duced smooth-two-sides product. One 
manufacturer learned get along with 
bark his board, since was difficult 
impossible bark his logs. Another 
researcher came with Batch proc- 
ess eliminate Fourdrinier forming. 
noteworthy development was dry 
forming which extended the oppor- 
tunity hardboard manufacture 
those areas where insufficient water 
supply stream pollution prevented 
use the wet process. The dry process 
afforded the opportunity develop 
multiple layer forming, and both 
screen back and smooth both sides 
versions the dry process are 


produced. 


Through research the industry 
learned use almost any desired wood 
species such that hardboard 
produced anywhere that offers ade- 
quate wood fiber supply. Within the 
capability given plant, research 
has developed variations use qual- 
ities such strength factors, water re- 
sistance, hardness, painting qualities, 
nailability, machinability, and cost. 
Most noteworthy among these develop- 
ments has been the tempering process. 


And most the research-contributed 
combinations process, species, and 
intra-plant variations employed the 
now existing American mills have 
been noteworthy the growth the 
industry its present important posi- 
tion. For each new combination has 
usually featured unique special qual- 
ities that have opened new market 
possibilities. For example, certain hard- 
boards have made possible such quality 
industrial outlets wall tile and 
television cabinets; 
others standard board have made 
possible severely bent television backs; 
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others have been noteworthy core- 
stock for high-pressure plastic lami- 
nates; others have developed successful 
siding applications; others have been 
effective for garage door panels; and 
others have been used for specialty- 
wall paneling materials. 


But all not bed roses the 
hardboard industry—or perhaps 
bed roses with few thorns. 
have growing pains not too different 
from many other industries. Chief 
among these are merchandising prob- 
lems and 


Industry Merchandising Problems 


There are some facets merchan- 
dising problems that are interest. 
For instance, the industry has one rela- 
tively large manufacturer whose vol- 
ume adequate support any sales 
promotional function that feels 
will effective, including national 
consumer advertising. the other 
hand, the rest are limited about the 
same percentage sales cost which 
our relatively small volume gives 
limited dollars with which work. 
Each smaller manufacturer must figure 
out how effectively use the limited 
promotional dollars available the 
face developed consumer accept- 


Another merchandising difficulty re- 
lates the wide variance qualities 
and physical properties the basic 
product brought about differences 
manufacturing process. This has 
contributed confusions product 
lines from one manufacturer the 
other, with industry grades grad- 
ing standards. Merchandising hard- 
board further complicated, because 
the big small-buyer-market serviced 
through jobbers and dealers whom 
hardboard has been small part 
their business which they are not 
authorities and which they give little 
attention. These merchandising prob- 
lems lead the fact that costs 
lot money (10 percent not 
including the percent jobber func- 
tional small-buyer sales and per- 
cent cash discount) and requires lot 


skill based experience sell 
hardboard. 


Also, unfortunately, much hardboard 
utility items for nondiscriminating 
uses sold unsatisfactorily low 
even unprofitable prices. Principal in- 
stigation this has been imports. 
the hardboard industry favor 
international friendships and maxi- 
mum reasonable trade cooperation. 
However, our nation’s free trade policy 
has been very detrimental 
board. Ocean freight Eastern ports 
from Scandanavia runs the order 
$6.50 per thousand square-feet 


inch basis), with $13.00 
rail freight from West Coast mills 
the same important and necessary 
markets. This coupled with low home 
market Scandanavian prices aided 
low labor rates has made possible the 
very unsatisfactory price level im- 
ports. The over-produced state our 
domestic industry has led substantial 
volumes utility-use domestic board 
being available also near the im- 
port level. 


New hardboard mills have special 
problems, because any such plant and 
its product are technical, complicated, 
and generally involve new conditions. 
new mill usually starts out with 
quality problems and very limited 
product line. These factors coupled 
with undeveloped merchandising ex- 
perience the particular product lead 
new mill’s principal market oppor- 
tunities being those served the low- 
priced imports. Merchandising factors 
are often overlooked prospective 
erectors new hardboard plants, 
they analyze the economic logic the 
operation. 


Over-Production 


The merchandising problems would 
become much less significant with the 
solution the over-production prob- 
lem. Hardboard en- 
joyed very healthy increase sales. 
Since its inception, increased uses and 
consumer acceptance have developed 
rather steady and stable increase the 
order percent per annum. Each 
years, consumption has 
doubled. For example, can sight for 
the period from 1951 1959 113 
percent increase per capita consump- 
tion hardboard the United States. 
interesting note how this com- 
pares with 123 percent for softwood 
plywood and with 128 percent for 
hardwood plywood. 


But this healthy growth sales has 
not been able keep pace with the 
plants—at the rate one plant per 
year since the end World War II. 
So, today have hardboard mills 
the U.S., and each one them has 
increased production rate from the 
basic equipment the maximum 
order cut unit costs the face 
severe pricing competition. re- 
sult, our domestic industry capacity 
now estimated 2.6 billion square 
feet. top this, import volume 
reached 282 million square feet 
1959. Our hardboard industry enjoys 
little tariff protection, can 
expect imports reach well over 500 
million square feet. Therefore, with 
board capacity, must expand sales 
about billion square feet beyond the 
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current consumption billion 
‘eet before production and sales will 


Today’s Challenge Research 


the past, wood products research 
has done effective job develop- 
ing hardboard processes meet vari- 
ous potential plant requirements. Now, 
namely, the development new prod- 
ucts with high volume potential and 
high potential uses for the output 
today’s hardboard plants. 
search people well the hardboard 
manufacturers each have their place 
this need. 


Current Hardboard Use Practice 


Summary Shipments Princi- 
pal Items: For insight into the direc- 
tions expend these research efforts, 
attention must focused 
board sales trends. Factual information 
market usage not available. 
Therefore, the analysis will have 
generalized educated estimates. 


Analysis General Use Increase: 
The approximate percent per an- 
num increase consumption can 
credited three influences. First, 
about percent the increase can 
attributed population expansion. 
The second factor general growth 
consumer acceptance established 
uses. Trends within the industry indi- 
cate that the average this factor ac- 
counts for about percent sales 
expansion. The remaining percent 
can attributed the third factor— 
new uses exceptional expansion 
consumer acceptance old uses. 


Not Tempered inch: About 
one-third the hardboard tonnage 
nearly half hardboard surface foot- 
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THE HOOP supporting this popular priced plastic pool silk screened 
hardboard, shipped flat and assembled the homeowner. 


age consumed not-tempered. 
examples, given manufacturer 
may offer many three densi- 
ties, two more resin contents, both 
smoothback and screen-back, with 
without such treatments spraying 
with resin tempering oil before 
going into the press coating with 
sealer after the board manufactured. 


Utility inch: About one-half 
competitive, general-purpose utility 
product. Such hardboard has 
become well-known commodity 
our market, known wood-struc- 
tural material that saws, nails, and 
staples like wood, certain size 
being good cover openings act 
partition. 


cabinets used for backs and 
base panels; case goods used 
for backs, dust stops, and drawer bot- 
toms; trailers, addition cab- 
inet applications, used unex- 
posed wall covering and the floor 
construction; used toys and 
games; used protective sheets 
for packaging sheet aluminum and 
stainless steel; and perforated form 
used for one-shot convention dis- 
plays and storage applications where 
durability and appearance are not 
important. 


Special Quality Not-Tempered 
inch: The following are some the 
uses for special forms not- 
tempered: 


Automotive—This board must 
have special die-cutting ability well 
certain other properties. used 
base for vinyl door linings, 
visor liners, pin-perforated ceilings, 
and glove and rear compartment 
construction. 


Television—First, there are 
backs that must have the special qual- 
ities impact strength meet under- 
requirements and bending 
ability for certain styles. Another im- 
portant use side and top panels for 
grain-printed cabinets. 


Paint Base—Substantial footage 
better quality not-tempered 
hardboard used panel base for 
paint finishes. Smoothness surface 
and good paint holdout are extra qual- 
ities required. Generally, smooth 
both sides type required. reverse- 
roller-coat fill often upgrades the re- 
sults. Grain printing, particularly for 
furniture panels, high volume use. 
Signs and displays absorb important 
footage. 


High-Pressure Decorative Plas- 
tic Laminate—The industry uses very 
special quality not-tempered 
board core stock for panels that are 
principally for furniture such tops 
and panels case goods and tops 
occasional tables. 


Perforated types 
not-tempered boards perform ade- 
quately storage and display panels, 
and this footage probably substan- 
tial. Also this product finds use 
acoustical, ventilation, and decorative 
(sometimes backlighted) panels. 

Veneer Core, Base, Cross- 
band—This growing application 
with considerable potential. 


Noteworthy Increase for 
Standard: Although 
board showed the greatest footage 
gains sales recent years con- 
siderable margin, percentagewise the 
increase for 14-inch Standard has been 
particularly noteworthy. 
uct’s increase attributed new 
uses exceptional expansion old 
uses has been running three four 
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times the average for hardboard 
general. 

The development interior spe- 
cialty wall paneling has 
worthy, each manufacturer has 
striven market distinctive items. 
Grain printed paneling outstand- 
ing example—to provide people ap- 
pearance they enjoy economical 
There are number textured 
panels derived engraved press plates 
such basketweave, ribbed, louvered, 
and brushed plywood effect. 

successful series products has 
been clear, pigmented sealer applied 
over light colored boards that have 
been random V-grooved channel- 
grooved like fir plywood’s Texture- 
111. This same style product 
offered perforated for acoustical ceil- 
ings areas such kitchens where 
would difficult clean regular 
acoustical tile abuse areas where 
damage resistance desired. Backed 
fiber-glass batt, hardboard 
acoustical ceiling provides heat insula- 
tion well sound correction 
good acoustical tile. 

conspicuous development has 
been the healthy-growth displacement 
since 1953 fir plywood special- 
quality Standard hardboard 
panel-type garage-door panels. es- 
timated that 500,000 panel-type doors 
per year now use hardboard. That’s 
noteworthy chunk the garage door 
production, 
doors, metal doors, etc. 

There’s important trend make 
room out the garage finishing 
the walls, making them more attractive 
for multiple-purpose areas and elim- 
inating unsightly appearance from the 
street when the doors are up. Hard- 
board the obvious abuse-resistant 
material use, and perforated 
serves double purpose adding 
substantial much-needed storage wall. 


Tempered: course, Tempered 
very important type hardboard. 
recent years, some uses, least 
part, have shifted from Tempered 
Standard. This can attributed 
part required qualities now being 
available special types Standard 
board and part new improved 
processing techniques, such reverse- 
roller-coat filling. However, Tempered 
definitely required where better wa- 
ter resistance and stability, better hard- 
ness and abrasion resistance, better 
painting qualities are needed. 

The small buyer depends Temp- 
ered for many his applications, and 
it’s necessary for most exterior con- 
struction applications. the industrial 
field, Tempered required for top 
quality finish uses. 


Tempered 1/4-inch and 5/16-inch: 
Tempered and 5/16-inch are 
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important items, and increase their 
use recent years has been impres- 
sive. Some increase all prob- 
ability has been perforated heavy duty 
storage wall and fixture construction. 
However, the great majority the 
usage these two thicknesses can 
credited siding. 


1/4-inch Semi-Hard: Semi-hard 
inch thick hardboard large volume 
item. However, victim import 
competition some degree, has 
become unfavorably-priced com- 
modity. Its principal use for floor 
feet and feet feet size usually 
remodel applications. 


Hardboard Industry’s Functions 
Sales Expansion 


The major responsibility for de- 
veloping new sales bridge the over- 
production gap the hardboard in- 
dustry must borne the industry 
itself. For instance, expanding con- 
sumer acceptance hardboard gen- 
eral and for specific uses full-time 
project for each manufacturer well 
jointly through the American Hard- 
board Association. Giving the cus- 
tomer what wants the form 
service, product qualities, and mill fab- 
rication must pursued each man- 
ufacturer. For instance, special serv- 
ice saws, planers, sanders, perforators, 
machines for face and edge machining, 
and sealing and finishing material ap- 
plicators are common hardboard mill 
equipment. 


Areas for Basic Research 
Develop New Uses 


There are definite areas where basic 
research can make important contribu- 
tions. Problems siding are big 
subject themselves. The potential 
extremely important. 2,000 square 
feet basis) siding material 
per dwelling, the potential 2.4 bil- 
lion square feet basis) per 
year when 1.2 million dwellings are 
built. lumber diminishes 
ability and increases cost, hard- 
board’s opportunities this use will 
expand. But need help best de- 
velop the qualities moisture stabil- 
ity, paint retention, application 
tures, and cost. lot research 
needed weatherometer, test 
fences, and specific use under ex- 
acting and varied conditions. 


The Author: 
Walling president the 
American Hardboard 
the Hardboard Division 
(Sales) the Georgia- 
Pacific Corporation, Port- 
land, Oregon. 


Also, housing construction, soffits 
afford opportunity for expanded 
hardboard usage. study 
could develop the quality requirements 
for hardboard this use, plus appli- 
cation and care recommendations. 


Another area opportunity for re- 
search the field resins bind- 
ers. Phenols have been the standard 
for long time. Can these improved 
entirely new type waterproof 
binder developed provide more 
strength and more 
ance with possibly less binder cost and 
possibly shorter press cycles? 


Also, how about water-proofing 
agents? Can better sizing material 
lead greater panel stability, can 
economical post manufacturing ap- 
plication provide true waterproofing 


Development basic design stresses 
for hardboard similar those avail- 
able for plywood, lumber, aluminum, 
and other materials are needed for use 
engineers load calculations for 
potential structural applications. The 
development concept and practice 
construction components has accent- 
uated this need. The opportunities for 
hardboard surface material over 
low-density frame cores should 
great. 


There room for improvement 
forming our hardboards, dry proc- 
ess well wet. Improvements 
hardboard finish base, core 
for plastic laminates, stability char- 
acteristics, and applications requir- 
ing uniformity properties would 
realized. 

Another area for needed research 
the general field hardboard man- 
ufacturing equipment. From defiberiz- 
ing humidifying, improvements 
equipment and technique use, 
both, can lead producing better, 
more saleable products. 


Conclusion 


Research should lauded for its 
place the creation hardboard it- 
self and the development manufac- 
turing methods. The use hardboard 
has expanded steadily and admirably. 
However, use development 
kept pace serious extent with the 
growth domestic manufacturing ca- 
pacity and availability imports. 
Therefore, our industry needs the in- 
terest and support research people 
and facilities develop high poten- 
tial new uses absorb the excess out- 
put our American Hardboard In- 
dustry. Industry, through the Ameri- 
can Hardboard Association, will 
glad cooperate with any capable 
laboratory individual who desires 
conduct research areas that can help 
develop much needed markets. 
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Quantitative Evaluation of: 


Second Order Drying Stresses 


classified into three orders based 
the size the unit which the 
tress pattern repeated. First order 
tresses are developed within single 
because liquid tension forces 
because unequal shrinkage the 
different cell wall layers. Second order 
are developed within tissues 
unequal shrinkage vari- 
ous tissues adjacent each other. 
Third order stresses are developed 
within large pieces wood because 
core and shell effects (stresses pro- 
ducing casehardening) because 
variations shrinkage potential 
(streaks reaction wood, for in- 
stance). This has been discussed 
detail Schniewind 

Second order stresses come about 
primarily because differences 
shrinkage: between ray tissue and 
and between early- 
wood and latewood. The present study 
concerned with quantitative evalu- 
ation the second 
which occur the radial direction 
California black oak kellog- 
Newb.) because the markedly 
lower radial shrinkage the ray 
tissue compared that the 
prosenchyma. 

The rays tend shrink less than the 
prosenchyma the radial direction 
(2, 3), but since the two tissue have 
the ray tissue will become stressed 
compression and the prosenchyma will 
become stressed tension during dry- 
ing. The magnitude these stresses 
depends four factors: the differ- 
ence shrinkage potential (shrinkage 
when isolated) the tissues; the 
elastic properties the tissues; the 
proportion the total volume occu- 


the 1961 Annual Meeting 
the Forest Products Research Society, 
Louisville, Ky., Session (Division 
Anatomy and Fundamental Properties A), 
19, 1961. 


FOREST PRODUCTS JOURNAL 


ARNO SCHNIEWIND and PAUL KERSAVAGE 


University California, Forest Products Laboratory 
Richmond, California 


Second order drying stresses are stresses that arise from the 
unequal radial shrinkage potential ray tissue and remaining 
tissues. method was developed for quantitative evaluation 


these stresses. 


pied each the tissues; and the 
extent creep and relaxation effects 
which take place after drying began. 
connection with study differ- 
ential shrinkage California black 
oak, values for each the first three 
factors were obtained (4). These val- 
ues were used calculate the potential 
stresses which would developed 
wood could dried the oven-dry 
condition the absence creep and 
relaxation effects (1). 
rately for the earlywood and latewood, 
the stresses the prosenchyma were 
620 and 4,400 psi, respectively, and 
the stresses the ray tissue were 
~9,050 and psi, respectively, 
(tensile stresses are taken positive). 
These stress values are higher than the 
tissues can expected withstand 
without failure, which indicates that 
creep and relaxation effects must re- 
duce the stresses considerably. This has 
been shown qualitatively for Califor- 
nia black oak (4). 

the edges piece wood 
which stressed the manner de- 
scribed above there are also localized 
shear stresses which probably 
extend into the piece for depth ex- 
ceeding the width broad ray 
the prosenchyma between two rays 
(5). Although these shear stresses can 
expected significant factors 
the development surface checks, 
they can safely neglected the 
radial stresses through the entire piece 
are considered. separate treat- 
ment the shear stresses outside 
the scope the present study. 

The objective this study was 
determine the magnitude the sec- 


Reprints Available. Circle Item 26. 


ond order stresses the radial direc- 
tion California black oak and 
observe their development during the 
course drying from the green the 
oven-dry condition. 


Procedure 


The experimental work consisted 
six drying runs under different condi- 
tions drying rate and temperature. 
various stages drying, samples 
were withdrawn for moisture content 
and second order stress determinations. 
The first four were made with 
cross sectional wafers, and included 
shrinkage measurements the radial 
and tangential directions. The last two 
runs were made with miniature boards. 
addition, the radial shrinkage 
ray tissue and wood free broad rays 
was determined over range mois- 
ture content values. All work was done 
logs California black oak supplied 
the Division Forestry, State 
California. 

The first four runs were made with 
wafers measuring inch cross 
section and 1/16 inch along the grain. 
The surface the wafers was hand- 
planed while green facilitate later 
microscopic observations. 

Two the runs were made 
70° (numbers and and two 
were made 140° (numbers 
and 9). each temperature, one run 
was designed give fast drying (nos. 
and exposing the green wafers 


parentheses refer Liter- 
ature cited the end this report. 

*Prosenchyma refers all cells other 
than ray cells. 
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FINE RAYS 
PROSENCHYMA 
BROAD RAY 


ACTUAL AREA 
(2)- EQUIVALENT AREA 


Fig. 1.—Cross section beam for second order stress determinations, showing both 
actual and equivalent area. The fine rays which are actually distributed random within 


the prosenchyma are represented single area. 


equilibrium moisture content 
(EMC) conditions percent for 
day followed oven-drying, while 
the other runs (numbers and 
provided for slow drying successive 
exposure EMC conditions 20, 15, 
10, and percent for days each. 
Some the specimens were oven-dried 
directly after this schedule, while oth- 
ers were held over for days 
and then oven-dried. 


For the fast drying runs, four sec- 
ond order stress and four moisture 
content samples each were taken the 
green condition, after and 
hours percent EMC conditions, 
and after oven-drying. For the slow 
drying runs, four stress and four mois- 
ture content samples were taken the 
green condition, after days each 
20, 15, 10, and percent EMC condi- 
tions, after oven-drying from per- 
cent moisture content, after days and 
after days over P,O., and after 
oven-drying from approximately per- 
cent moisture content. 

Determinations second order 
stress were made follows. Wafers 
selected random were split along 
broad ray which extended through 
the thickness the wafer and the 
exposed ray face smoothed 
microtome. The exposed ray face was 
brushed lightly with highly refined 
mineral oil prevent drying while the 
wafer was placed under stereoscopic 
microscope and specimen beam con- 
sisting partly broad ray and partly 
adjacent tissue was split off with 
razor blade. The beam was submerged 
mineral oil and the remainder 
the wafer wrapped aluminum foil. 
the presence second order stresses 
the beam curved and this curvature 
was measured determining the de- 
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flection over constant span under 
stereoscopic microscope with 0.66 
objective and filar micrometer eye- 
piece. The remnants the wafer 
were then unwrapped and placed 
weighing bottle determine the green 
weight. Finally the depth the broad 
ray and the total depth the beam 
was measured incident light with 
Leitz Ultropak objective and 
filar micrometer eyepiece. Because 
slight irregularities the borderline 
between broad ray and adjacent tissue 
the latter measurements were made 
both sides and repeated five times 
random intervals along the length 
the specimen. 


From the measurements described 
the second order stresses can calcu- 
lated the following basis. The cross 
section the beam shown Figure 
The fine rays are assumed 
randomly distributed the tissue free 
broad rays and can then repre- 
The fine rays are also assumed have 
properties identical those the 
broad rays. 


When the beam shown Figure 
part larger specimen, the ray 
tissue may stressed compression 
and the prosenchyma tension. When 
the beam released, some change 
these stresses takes place the propor- 
tion ray tissue prosenchyma 
the beam not the same the 
large piece, that equilibrium the 
axial forces restored. addition, 
the distribution these stresses consti- 
tutes net moment which causes the 
beam curve until the superimposed 
bending stresses represent equal 
moment, and the sum the moments 
also becomes equal zero. 


SECOND ORDER STRESS RAY TISSUE, 


Fig. order stress ray tissue 
function moisture content from run 
no. (wafers, fast drying, 70° F.). 


From the radius curvature the 
deflected beam, the value some 
the elastic constants the tissues, the 
geometry the specimen, and the 
proportion and distribution ray tis- 
sue both within the beam and the 
original piece wood from which 
was cut, possible calculate the 
stresses they existed the original 
piece wood. The method calcula- 
tion shown Appendix each 
beam deflection over fixed span, 
depth the broad ray and the adja- 
cent tissue, and the moisture content 
the time measurement were de- 
termined. For additional properties 
which are needed, average values for 
the species were used: proportion 
fine rays tissue free broad rays, 
0.079; proportion ray tissue 
whole wood, 0.17; and the equa- 
tions for the modulus elasticity 
values function moisture con- 
tent (4). These equations were ob- 
tained taking average values for 
radial modulus elasticity ray tis- 
sue, and prosenchyma Ep, nom- 
inal moisture content values, 
and percent and fiber saturation 
point (25.1 percent), and finding 
the quadratic equation whose curve 
passes through all three points. The 
resultant equations are 776,300 
153,500 9,765 1,830 The 
ratio the two moduli also changes 
function moisture content from 
high 16.56 the green condition 
low 5.06 the oven-dry condi- 
tion. Since the calculations for one 
beam are very lengthy (some arith- 
metic operations are required) sam- 
ple calculations can given. 


Since, for given set stresses 
wafer, possible control the 
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SECOND ORDER STRESS RAY TISSUE, PSI 


MOISTURE CONTENT. PER CENT 


Fig. 3.—Second order stress ray tissue function moisture 
content from run no. (wafers, slow drying, 70° F.). 


fraction the total depth, the 
beam occupied the broad ray, 
interest find the fraction which the 
deflection becomes amaximum, which 
facilitates the experimental work. 
This has been worked out Appendix 
substituting values for the ratio 
the moduli elasticity the 
and the oven-dry condition, 
found that the optimum values 
for the depth the broad ray, 
are 0.27 the green condi- 
tion and 0.34 the oven-dry 
condition. The radius curvature also 
depends the total depth the 
beam but this limited the size 
the broad rays. The radius curvature 
independent the beam width and 
length. 

The width the beam deter- 
mined the thickness the wafer 
from which cut, and was equal 
1/16 inch this study. The depth 
equal the sum the depth 
(thickness) the laminations, and 
averaged approximately 0.03 inch, 
while the length was inch and the 
deflections were measured over span 
0.457 inch. 

addition the wafers used for 
second order stress determinations 
set extra wafers the same dimen- 
sions was used for shrinkage measure- 
ments the radial and tangential 
directions. The radial and tangential 
dimensions were measured with dial 
gauge reading 0.0001 inch every 
time stress determinations were made. 
For series and the shrinkage 
measurements had repeated un- 
der the same conditions, because 
experimental difficulties. 

Two additional runs were made us- 
ing miniature boards instead wafers 
the starting material. Both runs were 
made 70° but differed their 
drying conditions. For run number 
the green boards were exposed 
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percent EMC conditions for days 
followed oven-drying. Stress sam- 
ples were taken the end each 
drying period. For run number the 
green boards were exposed successively 


MOISTURE CONTENT, PER CENT 


Fig. 4.—Second order stress ray tissue function moisture 
content from run no. (wafers, slow drying, 140° F.). 


EMC conditions 20, 12, and 
percent followed oven-drying. Be- 
cause time limitations, boards which 
were dried further were trans- 
ferred from one condition the next 


Table ORDER STRESS VALUES OBTAINED RUNS 


Second order stress 


EMC Length Moisture 
condition exposure content tissue Prosenchyma 
Run description percent EMC percent psi psi 
No. 70° F., 
hrs. 10.9 —1650 +340 
8-9 hrs. 8.5 700 +140 
oven-dry hrs. +1370 —280 
No. 70°F., 
slow green 97.6 220 
days 12.5 —1110 +230 
days 7.6 —1200 +250 
hrs. +1000 —210 
days 2.3 960 +200 
P.O; 4 days°* 2.2 — 50 + 10 
No. 140°F., 
days 13.2 —1260 +260 
days 10.2 —1330 +270 
days 6.7 960 +200 
No. 140°F., 
hrs 7.3 540 +110 
8-9 hrs. 6.9 620 +130 


aGreen moisture content not determined but should have been similar values 


reported for runs no. and 


value average four observations. Tensile stresses are taken positive. 
more than one set measurements appears for the same EMC the times 


are cumulative. 


oven from percent nominal moisture content. 
oven from percent nominal moisture content. 
EMC conditions were inadvertently set for instead percent. 
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SECOND ORDER STRESS RAY TISSUE, 


30 GREEN 
MOISTURE CONTENT. PER CENT 


Fig. 5.—Second order stress ray 
function moisture content from run 
no. (wafers, fast drying, 140° F.). 


when moisture content equilibrium was 
first approached, while the boards 
used for stress determinations were 
some instances left equilibrate 
further. Thus the stress samples 
percent EMC were taken after days 
drying, while the remaining boards 
had been transferred percent 
EMC conditions after days. the 
next set conditions stress samples 
were taken after days drying 
while the transfer percent EMC 
took place after days. All remain- 
ing specimens were exposed per- 
cent EMC conditions for days, 
which time stress samples were taken, 
the last boards were oven-dried, and 
the last set stress determinations 
was made. 


The miniature boards measured 
radial, and longitudinal direction, re- 
The boards were end- 
coated with rubber-base compound 
before drying. Four boards, two from 
each tree, were used for second order 
stress determination after each drying 
period. The cutting procedure for 
moisture content and stress specimens 
was follows: First, cross section 
inch along the grain was cut 
inches from the end for moisture con- 
tent determination; second, cross sec- 
tion inch along the grain was 
removed and cut into conventional 
stress prong get indication the 
magnitude the third order stresses; 
and third, two cross sections 1/16 inch 
along the grain, for second order stress 
specimens, were cut from each board 
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PER CENT 


MOISTURE CONTENT, PER CENT 


TANGENTIAL 


70°F, FAST DRYING 
70°F, SLOW DRYING 
SLOW DRYING 
FAST DRYING 


Fig. 6.—Radial and tangential shrinkage wafers determined during runs no. 
and under equivalent conditions. The radial shrinkage curves for runs no. and cover- 
ing the range from percent moisture content, could not shown separately because 


with circular planer saw eliminate 
the need for hand planing. The loca- 
tion cut was preselected give 
wafer containing broad ray within 
the middle third the cross section. 
These wafers were treated the same 
the wafers used the first four runs, 
except that moisture content samples 
were not taken from the wafers. The 
third order stress prongs were ob- 
served directly after cutting and after 
EMC conditions. 

Although shrinkage values from the 
green the oven-dry condition for 
isolated ray tissue and tissue free 
broad rays were available (4), some 
measurements were made determine 
the shrinkage function mois- 
ture content more detail. The speci- 
mens were prepared from microtome 
sections microns thick and were 
1/8 3/16 inch wide and inch 
long, the longest dimension being the 
radial direction. The specimens con- 
sisted either pure ray tissue taken 
from broad ray tissue free 
broad rays but containing fine rays. 
The specimens were measured the 
radial direction measuring the 
movement the mechanical stage 
microscope with dial gauge the 
nearest 0.001 inch while the specimen 
was moved past cross hair the eye- 
piece. Observations were made 138 
nominal diameters. Eight specimens 
each tissue, four from each log, were 
measured the green condition, after 
being successively exposed EMC 
conditions 20, 12, and percent, 
and after oven-drying. 


they nearly coincided with the curve from run no. 


Results 


The results from runs number 
and (drying the form wa- 
fers) are summarized Table 
every case the ray tissue stressed 
tension and the prosenchyma com- 
pression the green condition. the 
drying proceeds, the stresses reverse 
and the ray tissue becomes stressed 
compression and the prosenchyma 
tension. Finally, all but part run 
number the stresses were reversed 
again the oven-dry condition. 


The results runs number 
and are shown graphically figures 
and which give the second 
order stress the ray tissue func- 
tion moisture content. The stress 
the prosenchyma, not shown avoid 
confusion, always opposite sign 
and approximately one-fifth large 
the stress the ray 
tissue. 


The first reversal stresses takes 
place between and 
moisture content, and the second re- 
versal between and percent. The 
maximum compressive stress the 
ray tissue reached between and 
percent moisture content. The magni- 
tude these maximum stresses ap- 
pears about the same for all 
runs the two extreme values run 
number are neglected. The stresses 
the oven-dry condition show some- 
what more correlation with the condi- 


‘Its absolute value can obtained 
multiplying the stress the ray tissue 
0.204 the case Cali- 
fornia black oak. 
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tions drying. The tensile stresses 
the ray tissue are greater for the runs 
done 70°F. compared those 
done 140°F., while the same 
temperature there comparatively lit- 
tle difference between different 
rates drying, provided that oven- 
drying takes place from percent 
moisture content. When oven-drying 
takes place from percent moisture 
content, the tensile stresses the ray 
are reduced; run number the rays 
were still stressed compression when 
oven-dry and the second 
versal did not take place this part 
the run. 


The results shrinkage measure- 
ments taken during runs number 
and under equivalent condi- 
tions summarized graphically 
Figure might expected, the 
tangential shrinkage greatest for the 
higher temperature and slower rate 
drying (run number 8), while 
least for the lower temperature and 
the faster rate drying (run number 
6). The other runs produced interme- 
diate values but not much higher than 
those run number the radial 
direction the results are similar; run 
number gives the highest radial 
shrinkage, and all the other runs 
give curves nearly the same that 
they have been consolidated into one 
Figure 


The results for runs number and 
(drying the form miniature 
boards) are summarized Table 
and shown graphically figures and 
contrast the material dried 
wafer form, the second reversal 
stresses did not take place the min- 
iature boards and substantial compres- 
sive stresses remained the ray tis- 
sue. However, there still maximum 
ture content. 


The third order stress prongs taken 
from the boards number 
and invariably showed some evi- 
dence stress. For run number 
this was about the same percent 
moisture content and the oven-dry 
condition. For run number 
third order stress values seemed in- 
crease slightly the drying progressed 
evidenced the closing the 
prongs both immediately and hours 
after cutting. 


The shrinkage measurements 
pure ray tissue and tissue free broad 
rays are summarized Figure Each 
curve represents the radial shrinkage 
single specimen. Although meas- 
urements were made specimens 
each tissue, only three curves each 
are shown; one each for the specimen 
showing the highest, the lowest, and 
the most closely average shrinkage. 
Moisture content values are nominal 
representing the average EMC the 
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Table 2.—SECOND ORDER STRESS VALUES OBTAINED RUNS 
NO. AND DRYING MINIATURE BOARD FORM 


Second order stress 


EMC Length 


condition exposure 
Run description percent EMC 
No. 10, 70°F., 
fast green 
days 
oven-dry day 
No. 11, 70°F., 
slow green 
days 
oven-dry 


Moisture 
content tissue Prosenchyma 
percent psi psi 
7.3 +260 
660 +140 
13.6 810 +170 
7.6 —1350 +280 
+230 


for specimens the green condition are the average the green stresses 


from runs no. and 


value with the exception the green values average eight observations. 


Tensile stresses are taken positive. 


history—15 days percent EMC. 
history—15 days percent EMC, days percent EMC. 
eConditioning history—15 days percent EMC, days percent EMC, 


days percent EMC. 


conditions which the specimens 
were exposed. The radial shrinkage 
the ray tissue considerably less than 
that the tissue free broad rays, 
which applies not only total shrink- 
age but also each increment 
moisture content change included 
the experiment. 


Discussion Results 


was not expected that second or- 
der stresses would present the 
green condition. The material used for 
this study had never been dried and 
was kept carefully wet until drying 
was scheduled begin. The tensile 
stresses found consistently the ray 
tissue the green condition must 
therefore presumed the result 
growth stresses. 


Granted some stresses the green 
condition, would expected that 
long both tissues shrink linearly 
with decreasing moisture content, the 
difference between the tissues’ unre- 
strained shrinkage would also increase 
linearly, and that consequently the 
tensile stresses the ray tissue would 
first become zero followed the de- 
velopment increasingly greater com- 
pressive stresses. Although the com- 
stresses the ray tissue would 
not necessarily expected increase 
linearly with decreases moisture 
content, partly because relaxation 
effects and partly because increases 
modulus elasticity values, 
would have been reasonable assume 
that these compressive stresses would 
continue increase, perhaps chang- 
ing rates, until the oven-dry condition 
was reached. was totally unexpected, 
however, that the compressive stresses 
should not only decrease the mois- 
ture content was lowered below cer- 


tain level but that complete reversal 
stresses should take place between 
and percent moisture content. 
obtain this result from differential 
shrinkage the tissues the radial 
direction would necessary for the 
ray tissue shrink more than the 
prosenchyma the range from 
percent moisture content. That this 
not very likely may seen from 
Figure 

might suggested that the pros- 
enchyma would tend lose moisture 
more rapidly than the ray tissue, 
thereby shrinking first and becoming 
set tension, that when the ray 
tissue finally started shrink would 
restrained the prosenchyma and 
the former would become stressed 
tension. However, since the tissue free 
broad rays (which does contain 
about percent fine ray tissue) 
shrinks 1.1 percent from per- 
cent moisture content, the prosenchyma 
itself will shrink even more that 
range, which nearly much the 
total shrinkage the ray tissue from 
green oven-dry, namely 1.8 percent. 
therefore not very likely that this 
the mechanism responsible for the 
second stress reversal observed. 

Other possible reasons are not read- 
ily apparent. Since the second stress 
reversal did not take place all cases, 
some indication the factors which 
influence this reversal can obtained 
from the results this First 
all, the second reversal not the result 
the exposure oven temperature, 
because some the specimens dried 
over 70°F. showed tensile 
stress the ray tissue, while re- 
versal took place the miniature 
boards dried the oven. However, 
drying over was included 
between and percent moisture 
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Fig. order stress ray 
function moisture content from run 
no. (boards, fast drying, 70° F.). 


content the reversal was much 
less pronounced. 

Table shows the changes stress 
the ray tissue which take place 
when four groups specimens are 
brought the oven-dry condition 
the same manner. All these speci- 
mens originally were approximately 
the same moisture content and showed 
differences their state stress 
which were large but not excessively 
so. clear that the degree stress 
reversal depends previous history, 
and that the previous drying temper- 
ature has pronounced effect while 
the previous rate drying has little 
effect. 

The changes stress given Ta- 
ble apply only material dried 
wafer form. the miniature boards, 
runs number and 11, the changes 
stress from percent moisture 
content are smaller may seen 
inspection figures and Unfor- 
tunately, the boards differ from the 
wafers with respect least three 
factors, that not clear what 
extent each factor may responsible 
for the observed differences. Because 
their larger size, the boards dry 
more slowly than the wafers. Surpris- 
ingly, the stresses the range from 
percent moisture content are 
about large the maximum stresses 
observed the runs made with wa- 
fers. Because their shape and size, 
the boards are also subject more 
pronounced third order stresses. Fi- 
nally, the broad rays the wafers are 
not subject the same degree re- 
straint their longitudinal shrinkage 
(shrinkage height) which has been 
reported large (2). 

change strain which would accom- 
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SECOND ORDER STRESS RAY TISSUE, 


MOISTURE CONTENT, PER CENT 


Fig. 8.—Second order stress ray 
function moisture content from run 
no. (boards, slow drying, 70° F.). 


pany the changes stress given 
Table Using modulus elasticity 
values percent moisture content, 
the calculated strain values for ray tis- 
sue, expressed percentage unit 
length, are found between 0.1 
and 0.3 percent (Table 3). This 
would indicate that potential dimen- 
tional changes the ray tissue the 
range from percent moisture 
content would have exceed any sim- 
ilar changes the prosenchyma 
least that amount. 

The effect drying temperature 
the overall stress pattern seems 
limited. must pointed out here 
that the moisture content-stress curves 
for material dried fast are based 
widely separated points 
shape therefore not clearly defined. 
However, the material dried slowly 
yielded points over wider range 
moisture content percentages establish- 
ing the shape the curves much bet- 
ter. Comparing the curves runs 
found that their shape similar, 
that the maximum compressive stress 
both cases about the same, and 
that the main difference the stress 
values the oven-dry condition. Since 
these two runs were made the 
same material under the same condi- 
tions except for the temperature 
drying, indicated that temperature 
has pronounced effect only the 
second stress reversal. The shrinkage 
the wafers, particularly the tan- 
gential direction, was very clearly in- 
fluenced temperature (Figure 6). 
interest that the two changes 
slope the radial and tangential 
shrinkage curves run number 
(140°F.) occur the same moisture 
content values the first stress re- 


RADIAL SHRINKAGE, PER CENT 


20 
NOMINAL MOISTURE CONTENT, PER CENT 


Fig. 9.—Radial shrinkage ray 
and tissue free broad rays function 
nominal moisture content. Three curves 
from family eight are shown for each 
tissue, representing minimum, maximum, and 
average levels. Each curve represents the 
shrinkage single specimen. 


versal and the maximum compressive 
stress the ray tissue. Since similar 
abrupt changes are not found the 
other shrinkage curves this may 
coincidental. 

The effect the rate drying 
the shape the stress curves can not 
evaluated. That the rate drying 
seems have little effect the stress 
the oven-dry condition has already 
been noted for the wafers. Similarly, 
the stress percent moisture content 
and the oven-dry condition each 
are comparable levels the minia- 
ture boards. The rate drying seems 
have more clearly defined influ- 
ence shrinkage, least the 
higher temperature. Except for the two 
points high compressive stress 
the ray tissue run number (Figure 
the effect the drying 
could considered very small. 

The effect the form which the 
material dried—wafers versus minia- 
ture boards—is very pronounced the 
range from percent moisture 
content. the boards the rays were 
under substantial compressive stresses 
the oven-dry condition, that the 
second stress reversal definitely did 
not take place. The change stress 
from percent moisture content 
was the same direction 
boards the wafers, except that 
the boards the stresses remained com- 
stresses because the change 
was considerably smaller. 


Conclusions 


Second order drying 
tween ray tissue and prosenchyma 
occur California black oak, and 
their magnitude can determined. 
Some second order stresses already 
exist the green wood, presumably 
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form growth stresses. this stage 
the rays are stressed tension and the 
prosenchyma compression. dry- 


Table STRESS AND STRAIN RAY TISSUE 
FROM PERCENT MOISTURE CONTENT 


approximately the fiber saturation fast slow slow fast 
point and the rays become stressed Initial moisture content, percent 7.6 
the ray tissue increase with further Stress when oven-dry, psi +1370 +1000 320 +330 
drying and reach maximum the Change stress, +2120 +2200 +1280 +940 
range percent moisture con- Change strain, 0.27 0.28 0.16 0.12 


tent, regardless the conditions 
drying. lower moisture content per- 
centages the compressive stresses the 
ray tissue decrease, and depending 
the conditions drying, may reverse 
and change substantial tensile 
stresses. Two regions stress devel- 
opment may therefore distin- 
guished: the first region the higher 
moisture contents with increasing com- 
stresses the ray tissue (and 
increasing tensile stresses the pros- 
enchyma) the moisture content 
lowered. The point maximum com- 
pressive stresses the ray tissue 
marks the dividing line between the 
two regions, and the second region 
the compressive stresses the ray tis- 
sue decrease the moisture content 
lowered. 

The stress-moisture content curves 
for slow drying, which could es- 
tablished with greater accuracy, were 
very similar the first region stress 
development, regardless the condi- 
tions drying. the second region 
stress development the conditions 
drying have pronounced effect 
the second order stresses. addition 
the direct effects the conditions 
drying within the second region, 
there are also delayed effects this 
region caused the conditions dry- 
ing within the first region. Thus, dif- 
ferent conditions drying may show 
effect stress development the 
first region, while the second region 
the differences stresses 
nounced even when the drying contin- 
ues under identical conditions. 

the three factors which deter- 
mined differences the conditions 
drying this study, the form which 
the material was dried (specimen geo- 
metry) had the most pronounced ef- 
fect second order stresses, followed 
the temperature drying. The 
fect the rate drying could not 


clearly established, and may 
very small. 
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APPENDIX A.—METHOD CALCU- 
LATING STRESSES FROM BEAM 
DEFLECTION 


The specimen treated beam lami- 
nated from two different materials the 
method equivalent area (6) illustrated 
Figure The distance the neutral 
axis from the broad ray face given by: 


2 (aiKi axKe) 


where: 


ray 

ratio radial modulus elasticity 
ray tissue that prosenchyma 

Ke= 1+ f (Ki — 1) 

broad rays. 


The moment inertia the cross sec- 
tion then given by: 


where the width the beam. 


Replacing the stress function the 
strain, the elementary flexure formula gives: 


where the bending moment, the 
radial modulus elasticity the prosen- 
chyma, and the radius curvature 
the deflected beam. The radius can 
obtained simple geometric considerations 
from the deflection over known span. 

The bending moment Equation 
internal bending moment. evaluate it, 
straighten it. The distribution the 
tissues then becomes uniform had been 
when the beam was contained larger 
piece wood. The internal bending mo- 
ment can obtained directly assuming 
that the forces (stress times cross-sectional 
area) the tissues—broad ray, fine ray, 
and prosenchyma—are concentrated mo- 
ments about the neutral axis. This gives*: 


where the stress the ray tissue and 
the stress the prosenchyma, both 
stresses found the beam. From the 
condition that the sum the horizontal 


forces must equal zero follows 
that: 


Substituting Equation into Equation 
and simplification leads to: 


Combining equations and eliminate 
gives: 


aib( a1 


| Cr | = 

The nature the stress the ray tissue 
can determined from the curvature the 
beam: the concave side the broad 
ray face the ray tissue stressed tension 
and the prosenchyma compression, and 
visa versa. 

obtain the normal stresses 
original piece wood, considered that 
the difference per unit length, between 
the two tissues completely isolated 
and unstressed condition, equal the 
sum the absolute values the tissues’ 
respective compressive and tensile strains, 
and that this difference the same whether 
piece wood. Thus: 


d= | ep | | 
and 
where: 


wood 

strain ray tissue original 
wood 


The strains Equation are replaced 
the stresses: 


Both sides Equation are multiplied 
Er, the radial modulus elasticity ray 
tissue, Equation used eliminate 
from the left hand side, and elimi- 


*To eliminate the necessity for sign 
convention absolute values are used for 
the stresses. 
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nated similar manner from the right 
hand side, which gives: 


where the proportion ray tissue 
the original specimen. Finally, the stress 
the prosenchyma the original specimen 
obtained from equilibrium conditions (cf. 
Equation follows: 
1—P, 


APPENDIX B.—DIMENSIONS 
SPECIMEN BEAMS FOR MAXIMUM 
DEFLECTION 


Since beam consisting only prosen- 
chyma beam consisting only ray 
tissue will not deflect when removed from 
the original piece wood, and since the 
deflection the beam not independent 
the relative proportion tissues within 
these limits, there must least one set 
proportions for which the deflection will 
minimum radius curvature. 

find the optimum conditions, five pre- 
liminary steps are necessary: Equation 
solved for the radius curvature, 


duced the last step); and the differ- 
ence between total depth and 
substituted for The resultant expression 
too lengthy reproduced here but 
and P,. For constant stress the original 
piece, constant elastic constants 
proportions, and constant total depth, the 
the thickness the broad ray, a:. This 
expression differentiated with respect 
ai, and the derivative set equal zero. 
This condition must met when 
minimum and therefore the deflection 
maximum. found that the derivative 
contains the following polynomial six 
terms factor and can only become equal 
zero the factor equals zero: 


where: 

ti—— h°K.* 

— 2h* (Ky — Kea;" 


(Ki (3Ki = 7K:z)a;* 


Since the value K:, and depends 
moisture content, Equation has 
evaluated separately for each moisture con- 
tent condition. found that within the 
limits set the physical situation, e.g., the 


Gas Chromatography 
For Tall Oil And 
Turpentine Analysis 


WEST VIRGINIA PULP 
AND PAPER plays active part 
the conversion wood into pulp and 
paper products many and varied 
types and qualities. preparing these 
items, other portions the wood lend 
themselves ready recovery 
by-product items. 

Two readily available by-products 
resulting from the pulping wood 
are turpentine and tall oil materials. 
The log converted into chips and 
cooked with alkaline, caustic liq- 
uor. During the cooking, gases and 
steam are bled off aid the diges- 


Presented the 1961 Annual Meeting 
the Forest Products Research Society, 
Louisville, Ky., Session 15, Division 
(Chemical Conversion B), June 22, 1961. 
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condition that <h, there only one 
real solution Equation 12, and that 
i.e., both tissues have the same modulus 
0.5 would expected. For other val- 
successive approximation. 


The Authors: Schniewind As- 
sistant Wood Technologist the Univer- 
sity California, Forest Products Labor- 
atory where has been project leader 
the area timber mechanics since 1956. 
Kersavage Laboratory Technician 
working the area timber mechanics 
the University California, Forest 
Products Laboratory, and also doing 
graduate work wood technology. 


This study was supported part 
grant from the California State Division 
Forestry, which also supplied the ex- 
perimental material. 


IRA STINE and BAYNE DOUGHTY 


tion the wood. When this exhaust 
steam condensed, heat recovery 
measure, oil separates out the 
aqueous condensate. This turpen- 
tine, our case sulfate wood turpen- 
tine, and can made with efficient 
equipment rates more than 
gallons (22 pounds) per ton 
pine pulp produced. 

After the wood cooked the 
sulting pulp filtered from the spent 
cooking liquor, and the liquor 
processed for the recovery and recycle 
cooking chemicals. The first step 
the evaporative concentration 
the liquor during which soap curd 
forms. floats, and not skimmed 
off causes untold difficulties the 
evaporation. This curd contains both 


Reprints Available. Circle Item 27. 


West Virginia Pulp and Paper 
Charleston, South Carolina 


fatty and rosin acid soaps and affords 
industry with about the least costly 
source this type organic acid 
material. This crude acid material can 
disposed the soap, acidified 
the free acid form and sold 
crude tall oil, separated some 
physical chemical means into vary- 
ing its fatty acid and rosin 
acid constituents. Yields tall oil 
run about 100 pounds per ton 
pine pulp produced. 


Commercial Status 


Turpentine and tall oil, 
ered from pulping operations, come 
under the Naval Stores Act which was 
originally concerned with the natura! 
gum and wood turpentine and 
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products. The natural sources for the 
gum and wood are currently 
short supply while the supply from 
alkaline pulping has been 
growing. 

The fatty acids from the tall oil 
are good example the growth 
the industry and the potential 
these products. the years from 
the tall oil fatty acids 
have become the largest source un- 
saturated fatty acids (see Table 1). 
The fatty acids tall oil have been 
known compare closely many 
natural oils the trade. Detailed 
evaluation constituents for com- 
parative evaluation has always been 
tedious. One could compare acid, 
saponification and iodine numbers, 
titer, pour point, and any several 
determinable entities still basic 
specification requirements. The actual 
and real comparison their respec- 
tive utility much the time came 
from actual end-use tests. Then 
was usually either 
and more often than not with 
really factual explanation for success 
failure. 

Many new and novel are 
replacing turpentine. But, the ever 
widening chemical field, turpentine 
still moves the rate about 
million gallons each year with 
sulfate wood turpentine, 
pulping industry, accounting for 
percent the turpentine market 
1960, see Table Turpentine and 
derived fractions were defined the 
trade first source and then 
boiling range, density, refractive in- 
dex, and some cases bromine 
number, optical activity, and acetyl 
hydroxyl value. They enter into many 
fields other than solvents paint ve- 
hicles. Chemicals and pharmaceuticals 
occupy the major portion. 

The analytical routines for these 
materials have served well but can 
quite tedious and involved. Use and 
empirical tests serve very good pur- 
pose, but there has been distinct 
need for method readily deter- 
mine the individual constituents 
tall oil and turpentine. This need 
seems have been met wholly or, 
least, part the recently developed 
chromatographic techniques. 


Chromatographic Unit 


Gas chromatography depends upon 
combination the sample solubility 
affinity toward the chromatograph- 
ing medium and the vapor pressure 
the several sample constituents. 
Thus, sample injected one end 
the chromatographing tube which 
has been adjusted predetermined 
optimum temperature. With the aid 
inert carrie such helium 
possibly nitrogen hydrogen, the 
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Tall oils and turpentines are profitable by-products 
pulping processes, and gas chromotography valuable 
tool for analyzing these products. Here’s what chromotog- 


raphy does for WestVaco: 


Gives detailed analysis process variables within 


their plants. 


Helps them compare their products with others 


the industry. 


Gives them guide for adapting their products 


particular end use. 


constituent having the combination 
least affinity and highest vapor pres- 
sure swept through first. Then each 
succeeding constituent follows, 
turn, specifically characteristic for it- 
self according the medium used 
and the temperature and flow condi- 
tions 

The Fracto- 
Model was used 
these chromatographic studies. The 
column had been 
developed especially for analysis 
fats and oils and particularly 
adaptable those with fatty acids 
carbon atom chain length. 
This column, used, was meters 
long and 0.25 inches diameter. 
was packed with chromatographing 
active earth Chromsorb-R coated with 
percent weight polydiethyl- 
ene glycol succinate the liquid sub- 
strate coating. 

schematic diagram the chro- 
matographic unit shown Figure 
Helium, the carrier gas, supplied 
from external gas bottle and main- 
tained constant flow rate 
dual state pressure regulator. The 
carrier gas passes the reference side 
(REF.) the detector unit before 
the point sample injection. the 
point where the liquid sample in- 
troduced, small flash heater pro- 
vided vaporize the sample imme- 
diately. Carrier gas and sample vapor 
then pass through the column and 
into the sensing side (SENS.) the 
detector. The reference and sensing 
sides each contain thermal conduc- 
tivity sensitive element which in- 
corporated into balanced electrical 
bridge circuit. When the vapors 
sample constituent are swept from the 
chromatographing column, the he- 
lium carrier gas, and through the 
sensing side the detector, the con- 
stituent vapor dilutes the helium and 
causes change its thermal conduc- 
tivity proportion the amount 


dilution. When such 
ductivity difference occurs between the 
two sides the detector, the resulting 
unbalance the electrical bridge cir- 
cuit provides voltage which drives 
standard strip chart recorder. 


Chromatographic Measurements 


Since each component sample 
mixture has its own characteristic 
for given column packing 
material, will cling for time 
that material characteristic for it. The 
time required for the carrier gas 
sweep the component vapors through 
the column and out the sensing ele- 
ment called its retention time. 
given temperature, flowrate, and 
sample volume, and with the same 
column material, column size, and 
carrier gas, component will always 
have the same retention time. 
each component emerges the detector 
unit senses proportion its con- 
centration, resulting series 
chart. The position the peak along 
the ordinate time axis the chart 
the qualitative value the com- 
ponent represented. The area the 
peak, the abscissa valve, meas- 
ure its concentration the sample. 

The size the peaks, judged 
the area under the peak, represents 
the amount that material. The sum 
the peak areas for sample repre- 
sents all the volatile matter. The 
proportion for one constituent the 
ratio the one peak area the sum. 
Desirable peaks are tall, narrow, and 
symmetrical triangles. The area under 
peak can measured inte- 
grating recorder use plani- 
meter. Cutting out the area under the 


parentheses refer Lit- 
erature cited the end this report. 


The Authors: Mr. Stine research 
chemist and Mr. Doughty assistant director 
the Research Laboratory, West Virginia 
Pulp and Paper. 
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peak and weighing often done. 
suitably accurate peak area can 
obtained calculating for tri- 
angle. this case, the height the 
peak multiplied the width the 
peak its mid-height equivalent. This 
avoids judging the actual base width, 
since almost invariably rounded. 

The height the peak also 
function the relative thermal con- 
ductivity the sample constituent 
with the carrier gas. Within given 
family chemical compounds this 
variation not critical except where 
precision demands it. However, 
often quite mecessary determine 
the actual response per unit volume 
pure chemical and apply this cor- 
rection reporting analyses. 

Although retention time prime 
importance the qualitative aspect 
the analysis, not just function 
the component and 
ing. Other instrument parameters have 
their influence, such as: flow rate 
and column pressure, temperature, 
dead volume between the point 
injection and the detector, car- 
rier gas, column dimensions, 
concentration absorbant the col- 
umn packing, particle size and sur- 
face character the column packing, 
and pressure drop through the 
column. 

However, the peak locations, i.e. 
retention times, can expressed 
terms retention ratios given 
standard, this eliminated all the ex- 
perimental factors except for temper- 
ature. Standards should 
with reasonable retention times pro- 
vide accurate retentions ratios. The 


Fig. 1.—Schemotic diagram gas-liquid- 
chromatographic unit. 


best standard would stable com- 
ponent, typical the class com- 
pounds involved, and emergent the 
mid-range elution times. 

the course our analyses 
have noted numerous peaks 
appeared various fatty acid sam- 
ples. line with the preceding dis- 
cussion, stearic acid was selected 
standard upon which calculate re- 
tention ratios. stable acid, rel- 
atively well distributed among natural 
oils, and its elution time reasonably 
centralized among the more prominent 
tall oil constituents. 

Many the peaks have encoun- 
tered during fatty acids analyses are 
listed Table the order their 
relative retention time with respect 
stearic acid 1.0, Correlation with 
peaks obtained analysis known 
pure samples, well some natural 
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oils whose composition has been 
sonably well established, permitted the 
assignment acid peak hav- 
ing that particular relative retention 
time. 

Figure shows the recorded results 
samples from refined tall oil fatty 
acids. The zero starting point 
the right hand side the chart 
shown. The analysis proceeds the 
left with time. 

The first peak the upper curve 
that air the sample. The sec- 
ond sharp peak that the residual 
solvent. The peaks representing the 
fatty acids appear their characteris- 
tic time position for these operating 
conditions and with amplitudes de- 
pendent upon their concentration; 
here have palmitic, three diminish- 
ing C-17 fatty acids, shoulder 
stearic, large oleic peak well 
noic, linolenic, unknown, and ara- 
chadic acid. 

Comparison straight and di- 
luted fatty acid volume acid 
volumes carbon tetrachloride) shows 
the peak resolution much better 
with the solvent extended sample al- 
though only one microliter oil was 
present the sample. The solvent 
used, being relatively volatile, 
emerges first intense surge which 
need not considered evaluating 
sample constituents. The peaks occur- 
ring the fore part the run can 
calculated based from the tailing 
curve the solvent surge. 

Comparison results between 
straight and diluted samples given 
Table Peak time, relative reten- 
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Fig. 3.—Chromatograph crude turpentine. 
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Table 1.—TALL OIL PRODUCTION AND UTILIZATION 


Table 2.—SULFATE WOOD TURPENTINE PRODUCTION 


AND UTILIZATION 
Production 
Year Tall Oil Fatty Acids Utilization 1959 Sulfate 
Million Pounds 
1959 794 150.0 17.0% 1959 hesives, foundry 
Source: Naval Stores International Yearbook, 1960. 1960 17.770 55.5 supplies, inks, ete. 


tion, and percentage compare very 
well. Preference given the di- 
luted sample routine due peak reso- 
lution qualities. Quantitatively there 
are some minor differences but none 
significant nature. Calculations 
were based upon the triangulation 
method using the peak height and the 
half-peak width. 


Fatty Acids Esterification 


For this type analysis the fatty 
acids were determined after conver- 
sion their methyl esters. This was’ 
done minimize isomerization and 
any other chemical changes inherent 


Naval Stores International Yearbook, 1960. 


with such acids while the presence 
clays elevated temperatures. 
was suitable conduct the esterifica- 
tion methanol, using sulfuric acid 
with subsequent recovery 
and purification the ester ether 
extraction, Where was expedient 
prepare sample the ester quickly, 
esterification with 
methanol was accomplished 
minutes (6). Some 100 200 milli- 
grams the fatty acid were placed 
150 millimeter test tube, 
methanol reagent (125 grams BF, per 
liter) was added, and the mixture 


Table 3.—RETENTION TIME SOME FATTY ACID METHYL ESTERS 


Relative 
Retention Fatty Acid Carbon 
Time! (Chemical and common name) 
0.684 (Branched (17 
0.745 
1.08 (also Elaidic) cis—trans 


200°C, 180 psig inlet, Helium Polydiethylene glycol succinate, 


Chromsorb-R. 


saturated; cj, conjugated; unsaturated linkage. 
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boiled steam bath for minutes. 
was then transferred separatory 
funnel with petroleum ether (30° 
60° redistilled) and water washed 
(20 milliliters). After vigorous shak- 
ing, the aqueous phase was drained 
and discarded, the petroleum ether 
layer was passed through filter paper 
into small beaker, and the solvent 
evaporated water bath. 


Interpretation 


Identification peaks through 
comparison their time sequence 
with known materials still finds gen- 
eral practice. Several suppliers offer 
high purity substances 
ing blends. Other sources have com- 
piled analyses some their oil 
products rich special fractions. 
These serve very well standardizing 
materials. 

Confusion can occur, course, 
such the case the oleic and 
elaidic acid which elute the same 
point with this column and about 
the same intensity. Additional means 
must relied upon. this instance, 
infrared evaluation the eluted frac- 
tion would differentiate these particu- 
lar compounds and calibrated blends 
could assist defining mixed com- 
position when suspected. 

far, have not regularly ap- 
plied any peak area correction factor 
our calculations. noted minor 
variations duplicate runs. Aliquots 
usually analyzed within about one 
percent variation. This 
accurate thus far for most 
our work. 

Detector 


hot wire detector was used for 
analyses oven temperatures the 
range 200°C. Its sensitivity was 
much higher than that for 
mistor detector unit this tempera- 
ture range. Although not nearly 
sensitive flame beta-ray ioniza- 
tion gauge, the hot wire detector was 
well adapted the sample size used 
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Table 4.—TALL OIL FATTY ACID METHYL ESTERS 
STRAIGHT DILUTED SAMPLE 


Fatty Acid Esters 


Fatty Acid Esters Diluted 


Peak Relative Assigned Relative Peak 
Content Fatty Acid Content Retention Time 
min Time Types Time min 
0.35 0.028 0.74 Air 
0.5 0.040 0.55 Solvent 
6.75 0.545 0.53 C16S 0.60 0.532 6.6 
8.45 0.682 0.48 0.51 0.669 8.3 
9.1 0.734 0.25 C17S 0.17 0.722 8.95 
9.9 0.799 0.10 0.08 0.791 9.8 
12.4 1.0 0.74 trace 1.0 12.4 
13.65 1.11 C18= 1.105 13.7 
15.9 1.282 38.05 C18= 36.55 1.282 15.9 
16.9 1.362 1.09 C19S 1.99 1.362 16.9 
20.5 1.652 1.83 2.67 1.63 20.2 
22.0 1.775 0.36 0.71 1.74 21.6 
23.9 1.928 1.65 2.28 1.895 
0.17 2.26 28.0 
30.2 2.438 (C20==) 0.49 2.385 29.6 
34.5 2.78 0.40 C21S 0.29 33.7 
60.0 (4.84) off (4.84) 60.0 


and much less costly. The hot wire 
detector was set operate 250- 
milliampere current. This approached 
the maximum sensitivity range with- 
out encountering serious sample car- 
bonization the elements and elec- 
trical fatigue occur 300 mil- 
liamperes and over. 


Column Conditions For Fatty 
Acids 


The column operating conditions 
for analyzing fatty 
were 200° and helium carrier 
gas flow 180 cubic centimeters per 
minute. Gas pressure the column in- 


Table 5.—COMPARATIVE TURPENTINE ANALYSES 


Column, mul 
100°C, 7.5 psi 


100 Turpentine 

Relative 

Retention Content 
Time Ingredient 
0.190 0.03 
0.435 0.05 
0.661 trace 
0.826 trace 
1.0 69.9 alpha Pinene 
1.208 trace 
1.298 0.93 (camphene) 
1.561 18.95 beta Pinene 
1.958 1.4 (carene) 
2.398 7.82 Dipentene 
2.570 0.16 

0.06 

3.605 0.46 

3.855 0.21 

9.25 off 

(56 min) 
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“R” Column, Column, mul 


100°C, psi 150°C, psi 


100 180 
Relative Relative 
Content Retention Content Retention 
Time Time 
0.03 0.018 trace 0.062 
0.07 0.092 trace 0.128 
0.07 0.183 
trace 0.234 trace 0.264 
0.04 0.469 0.07 0.584 
1.0 65.8 1.0 
1.16 1.170 1.54 1.167 
1.361 19.2 1.448 
1.49 0.07 1.59 
8.72 2.219 8.56 1.82 
0.40 2.418 
trace 3.165 
trace 5.29 
6.07 
1.19 6.69 
1.81 7.60 
0.24 9.08 
0.58 11.67 
3.6 16.6 
(200 min) (120 min) 


let was the range pounds per 
square inch gauge. The hot wire detec- 
tor was operated 250 milliamperes. 
The recorder was operated maxi- 
mum sensitivity, having 1-millivolt 
full-scale deflection with second 
response. 


Drift 


Operating conditions for fatty acid 
esters were such that the column sub- 
stract would tend bleed-out and 
cause drift the detector. The 
polydiethylene glycol succinate 
column had preconditioned be- 
fore use operating slightly 
above these expected conditions for 
several hours. Even so, there was usu- 
ally continual slight bleed-out which 
would cause detector drift times. 
This would evidenced upward 
downward slope the recorder 
baseline. 

Some all this “drift- 
flushing the detector with chloroform, 
acetone, methylene chloride. 
somewhat more drastic means clean- 
ing the hot wire detector filaments 
(tungsten) carbonaceous deposits 
would air oxidation very 
low current, about 150 milliamperes. 


The Sample 


The sample volume for analysis was 
usually one microliter the fatty acid 
ester material. This amount gave ade- 
quately large peaks for locating the 
major constituents well for de- 
tecting those minor constituents pres- 
ent only few tenths percent. 

Manual syringe injection was quite 
versatile and adaptable. Dexterity 
necessary accomplish quick, clean 
injection the proper orientation 
assure direct hit each time upon the 
flash heating element. Moderate devia- 
tion would destroy the com- 
pactness the vapor flashing with 
consequent lengthening the vapor 
volume due the somewhat slower 
volatilization side spray and splat- 
from somewhat cooler areas 
within the injection block. Syringe in- 
jection for fluids was less cumbersome 
than many the pipette injection 
systems which also suffered from the 
tailing effect carrier gas flushing the 
pipette chamber. 

Conferences with the instrument 
manufacturer and test trials showed 
that dilution the sample with 
inert volatile solvent accomplished two 
favorable points. flashed off more 
readily upon injection and doing 
improved peak resolution. also had 
flushing action upon the column 
well the detector and resulted less 
recorder drift. very strong initial 
surge was noted but not included 
calculations. Peaks normally occurring 
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this surge area were, course, 
lost. 

The best dilution depended upon 
the response experienced. Inert volatile 
solvents such carbon tetrachloride, 
gested. Erect, well accentuated peaks 
were desirable. Dilution seemed 
cause the peaks slope more toward 
the rear with increasing forerun and 
sharper cut-off. Dilution with 
volumes solvent gave the better 
peaks. Higher, extreme dilutions 
would distort the baseline severely and 
times overshadow desired peaks 
due their resultant miniscule 
concentration. 


Optimum Flash Vaporization 


designed, operation the col- 
umn chamber 200° would give 
corresponding injection block tem- 
perature about 300° was de- 
sirable make quick and clean in- 
jection the sample obtain 
complete and instantaneous flashing 
off the sample possible. Early 
our operations supplementary heater 
was placed the injection block 
which would give about 350° 
400° and even more rapid and 
compact sample flash-off. 


Constant Oven Temperature 


Temperature fluctuations the 
heated chamber must virtually nil 
below 0.01° The circulating 
mechanism (fan) must kept peak 
efficiency. Otherwise, minute cycling 
ripple appeared the recorded chart 
when maximum sensitivity. This 
cycling would rhythm with the 
thermostated heating cycle the oven. 
This could cause minor interpretive 
problems case traces doublet 


peaks. 


Maximum Recorder Sensitivity 


During the recording, 
recorder sensitivity, attenuating the 
peaks necessary keep the pen 
scribing upon the chart. was particu- 
larly desirable catch the last attenu- 
ation that described the half-peak 
width elevation. The curve scribed was 
not quality necessarily, but 
greatly facilitated our observations. 


Sufficient, Stable Power Supply 


Power supply line voltage should 
relatively steady. should not 
below 110 volts, particularly with the 
hot wire detector control system. Ir- 
regular recorder response was, part, 
corrected boosting line voltage 
the hot wire power supply about 
120 volts. had been found drop 
105 volts with instantaneous fluctu- 
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ations low volts resulting from 
the start-up surge equip- 
ment. Improved power supply control 
design eliminated much the power 
rectification instability. 

Under these conditions carrier 
gas flow, column oven temperature, 
and detector current, period about 
hours was required reach stable 
operating conditions throughout. 


Alternate Columns and Fatty 
Acids 


the apparatus used, the polydi- 
ethylene glycol succinate, percent 
Chromsorb, gave the optimum sep- 
aration fatty acid methyl esters such 
shown. Columns Apiezon-L 
Elmer did not achieve suitable 
resolution fatty esters our work, 
although Apiezon-L has been referred 
use and application capillary 
column work using ionization type 
detectors. 

Comparable resolution was not 
achieved using the butanediolsuccinate 
Craig type substrate with either 
Chromsorb firebrick the support 
material. Peaks were round, less re- 
solved, and low amplitude. These 
columns had been laboratory packed 
from prepared packing the same 
size, meter length and 0.25-inch di- 
ameter, and operated the same pres- 
sure range, about pounds per 
square inch gauge. 


Turpentine Analyses Gas- 
Liquid-Chromatography 


chromatography the analyses our 
turpentine. procedure addition 
the usual specifications had been 
adopted. was based upon vacuum 
fractionation through efficient pre- 
cision distilling column (Podbiel- 
niak). This served quite well but, 
course, required about days com- 
plete the and make nec- 
essay calculations. booster material 
had added prevent excessive 
thermal destruction toward the end 
and this, times, precluded evalua- 
tion small amounts some high 
boiling constituents. 

Applying chromatography turpen- 
tine, was found the turpentine could 
readily and much more conveniently 
analyzed. Either the polydiethylenegly- 
col succinate (Perkin—Elmer 
polyglycol, UCON LB-550-X 
Elmer column was found very 
satisfactory. was found Apiezon-L 
substrate did not 
conveniently separate the turpentine 
constituents. 

Figure represents the chromato- 
gram from turpentine. The major 


peaks being alpha pinene, beta pinene, 
and the monocyclic dipentene, the ma- 
jor fractions which have governed the 
movement turpentine. 


have made extensive evalua- 
tion the direction terpenes except 
for this rather basic evaluation. com- 
pares well with more extensive pub- 
lished data through more exten- 
sive prognostications could made 
leading more complete identification 
constituents. 


The data for the pinenes and di- 
pentene agreed quite well between the 
and the columns, see Table 
believed, however, that the time 
involved for the column analyses 
the conditions 100° and 100 
cubic centimeters per minute gas flow 
was too long for practical use; 200 
minutes for relative retention time 
3.6. Increasing the temperature 
150° and carrier gas flow 180 
cubic centimeters per minute reduced 
the time for analysis with the 
Analytical results with the column 
these higher conditions (150° 
180 cubic centimeters per minute) 
were essentially unchanged but elution 
was rapid that was considered ex- 
pedient only for determining the ma- 
jor constituents where speed was 
desirable. The simultaneous determina- 
tion minor constituents became tedi- 
ous and confused due the necessary 
recorder attenuations. 


Evaluation 


The application 
chromatography has proved very useful 
our studies tall oil and turpentine 
products both research and produc- 
tion laboratory. has permitted 
make more detailed evaluation 
process variables within our own plants, 
compare our products against those 
the industry, and guide 
adapting our products particular 
end use. 
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Comparison 


PREVIOUS PAPERS this series 

(8, 10, 12) was shown that 
water can move through wood below 
the fiber saturation point either 
bound water through the cell walls 
(8, water vapor through the 
void structure (12). Diffusion coef- 
ficients for continuous bound-water 
diffusion through the cell walls were 
measured filling the void structure 
with metal alloy that expands 
slightly upon solidification. this 
way movement water the vapor 
phase was eliminated that all move- 
ment had occur continuous 
bound water movement (8). Dif- 
fusion coefficients for continuous 
water vapor movement through wood 
were calculated from data for the dif- 
fusion carbon dioxide through 
wood (12). This gas does not swell 
dry wood and, hence, cannot pass 
through the cell walls. Its movement 
limited movement through con- 
tinuous void structure. Carbon dioxide 
diffusion coefficients were converted 
diffusion coefficients 
using law which shows that 
the rate diffusion gases in- 
versely proportional the square root 
their molecular weights. 


Under normal nonrestricted condi- 
tions, the two types diffusion occur 
simultaneously, bound-water diffusion 
occurring through the cell walls se- 
ries with vapor diffusion through the 
fiber cavities (10). Bound water 
passes through cell wall under 
small moisture content gradient that 
motivated vapor pressure gra- 
dient, evaporates into the fiber cavity, 
diffuses across the fiber cavity under 
vapor pressure gradient, then con- 
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Between Measured and 
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This the sixth series papers analyzing the com- 
plex combined bound water and water vapor diffusion 
that occurs through wood. Theoretical diffusion coefficients 
were calculated from combination the bound-water 
and the water-vapor diffusion coefficients through the 
specimens loblolly pine sapwood, together with values 


for the dimensions the various component structures 
series and parallel combination. 


denses the next cell wall and passes 
tent gradient. 


Calculations have been made 
the theoretical diffusion coefficient 
water through Sitka spruce the 
continuous bound-water diffusion 
through part the cell walls, water- 
vapor diffusion through fiber cavities, 
pit chambers and permanent pit mem- 
brane pores series combination, and 
bound-water diffusion through part 
the cell walls parallel with the 
pit system and series with water- 
vapor diffusion through the fiber cav- 
ities (5). The calculations were made 
the basis diffusion being analo- 
gous electrical conduction where 
conduction through paths parallel 
additive and conduction through 
paths series equal the recip- 
the sum the reciprocals 
the conduction through each path 
separately (5). The structural data 
needed for the calculations were either 
calculated from the specific gravity 
the wood, estimated micro- 


This study was done under support 
the National Science Foundation. 
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scopically, determined from elec- 
tro-osmotic flow (4, 5). 

Comparisons have thus far been 
made only between theoretically calcu- 
lated diffusion coefficients 
perimental 
determined 80°F. 
(26.7°C.) the heartwood 
1/16-inch thick edge-grain Sitka 
spruce veneer with dry-volume spe- 
cific gravity 0.42. The moisture 
gradient was from 100 percent 
relative humidity. The experimental 
data were obtained measuring the 
rate swelling the oven-dry speci- 
mens after immersion water for 
various periods time. The experi- 
mental integral diffusion coefficients 
were calculated using the Boltzmann 
form Fick’s general diffusion 
equation (3). 

Subsequent the publication 
these data the theoretical calculations 
for the drying the Sitka spruce 
veneer, certain refinements have been 
made the calculations that should 
make them more theoretically sound. 
These will discussed and the theo- 
retical values compared with much 
more extensive experimental data in- 
volving drying both the tangential 
and directions specimens 
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[rying Diffusion Coefficients for Southern Pine 


Square Root Time Min. 


Fig. 1.—Characteristic moisture loss versus the square root time plot for southern pine 
sapwood; swollen-volume specific gravity, 0.450; average thickness, 0.651 centimeter; initial 
moisture content, 28.2 percent; and drying temperature, 70°C. 


with different specific gravities over 
broad range temperatures. 


Experimental Diffusion Coefficients 


The measurements were made 
specimens loblolly pine 
taeda) sapwood, inches long the 
fiber direction inches wide and 
0.25 inches thick, cut from single 
butt log and randomly assigned the 
different drying conditions. Half 
the specimens were flat-sawn and half 
quarter-sawn. The specific gravity 
specimens swollen volume 
varied from 0.37 0.50. The 
wood had annual rings per 
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inch. The specimens were brought 
equilibrium with percent relative 
humidity and weighed torsion 
balance. They were then edge coated 
with elastic neoprene paint limit 
subsequent diffusion the thickness 
direction the specimens. After the 
specimens had returned constant 
weight, the moisture content was 
raised about percent soaking 
them water under vacuum for 
short period time. They were then 
stored sealed container for sev- 
eral days allow the water be- 
come uniformly distributed through 
the specimens. 


The desorption measurements were 
made mechanically operated 
forced-convection oven. The maxi- 
mum variation temperature dif- 
ferent parts the oven was found 
not exceed indicated 
thermocouples placed various posi- 
tions the oven. specimen that 
had been adjusted about per- 
cent moisture content was hung 
metal stirrup from wire that ex- 
tended through hole the top 
the oven. The wire passed through 
conical lead plug which was 
firmly attached. The position the 
plug the wire was such that when 
fitted into the hole the top 
the oven the specimen hung little 
below the center the oven. loop 
the top the wire was adjusted 
that can attached one arm 
triple-beam balance raising 
the wire about inch. was thus 
possible weigh the specimen 0.01 
gram without disturbing the condi- 
tions the oven. 


The three structural dimensions 
swollen specimen were rapidly de- 
termined, followed quickly placing 
the specimen the balance stirrup 
within the oven, which had previously 
been adjusted the desired tempera- 
ture. The circulation fan was momen- 
tarily shut off, the specimen was 
weighed, and the exact time noted. 
appropriate intervals time, rang- 
ing from about minutes hour, 
the fan was again momentarily shut 
off and the specimen weighed. This 
was continued until the loss weight 
was practically negligible. The speci- 
men was then removed from the ex- 
perimental oven and further dried 
110°C. another oven constant 
weight. The oven-dry thickness was 
also measured. 


Loss moisture content values for 
the specimens were computed after 
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Drying Diffusion Coefficients 


100 110 120 


Drying Temperature (°C.) 


Fig. 2.—Relationship between the experimental drying diffusion 
coefficients, corrected swollen volume specific gravity 0.4, 
the radial and the tangential directions and the drying tempera- 
ture; triangles, radial diffusion values; circles, tangential diffusion 


values. 


each interval drying time and plot- 
ted against the square root the to- 
tal time. Linear relationships were ob- 
cent the final moisture content 
loss and 120°C. about 
percent the final moisture content 
loss. typical curve shown Fig- 
ure for flat-grain specimen with 
swollen-volume specific gravity 
0.450, average thickness 0.651 
centimeters, and initial moisture 
content 28.2 percent, dried 
70°C. The linear relationship does 
not pass through the origin. This 
drying lag probably due the fact 
that equilibrium conditions are not 
instantly attained. The lag 
rected for the calculations 
using the extrapolated time which 
the moisture loss was zero the 
initial time. 


Analysis the Data 


Integral drying 
cients, were calculated from the 
experimental data using the Boltz- 
mann form Fick’s general diffusion 
equation (3). 


(1) 
where: 


thickness the drying 
material 

=the moisture content change 
tion the total possible mois- 
ture content change 

3.1416 
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This simple equation 
cally sound under three conditions. 
One that the specimen must 
considered infinitely thick. This 
assumption justifiable long the 
concentration change the center 
the specimen negligible. second 
condition that equilibrium with the 


drying conditions attained instantly 
the surface the specimen. This 
condition not strictly met the 
data indicated the time lag. 
believed that taking this small 
lag into account the calculations 
adequately accounts for this discrep- 
ancy. The third condition that the 
thickness the specimen remain sub- 
stantially constant. This not strictly 
true for wood that shrinks both 
transverse directions. However, the 
largest shrinkage, the tangential 
direction, was only about percent. 
When the average thickness between 
the completely swollen and the oven- 
dry condition used equation 
the maximum error the diffusion 
coefficient resulting from the assump- 
tion constancy thickness should 
not exceed 3.5 percent. 


The calculations were 
using the square the slope the 
linear portion the plots, such 
that Figure for E*/t, and using 
the average the swollen and oven- 
dry thicknesses for 


Table gives the integral diffusion 
coefficients calculated from the exper- 
imental data. shows distinct ten- 
dency for the radial diffusion 
cients greater than the tangential 
diffusion coefficients and for the dif- 
fusion coefficients increase consid- 
erably with increase temperature. 


the specific gravities the dif- 
ferent specimens varied appreciably, 
was deemed desirable correct the 


(bound) 
(bound) 
Pit chamber Type 
Pit 
(restricted vapor) 
Continuous (bound) Type 


Fig. 3.—A flow diagram shown which illustrates the three diffusion paths, Type cavity- 
wall; Type cavity-pit; and Type continuous-wall. 


(2) 


Equation 2.—The three diffusion paths are combined the conventional method for combin- 
ing conductors series and parallel giving combined tangential diffusion coefficient. 
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data for all specimens specific 
gravity 0.4. This was done con- 
sidering the effect specific gravity 
upon the experimental diffusion coef- 
ficients proportional its effect 
upon the theoretical diffusion coef- 
ficients. This will shown 
least approximately true the next 
section. Table gives the experi- 
mental drying diffusion coefficients 
corrected specific gravity 0.4. 

Figure gives the radial and the 
tangential experimental drying dif- 
fusion coefficients corrected spe- 
cific gravity 0.4, plotted against 
the drying temperature. The dif- 
fusion coefficients are shown in- 
crease exponentially with increase 
temperature. 


Theoretical Diffusion 
Coefficients 


Theoretical tangential diffusion co- 
efficients were calculated the basis 
that water vapor diffuses through fi- 
ber cavities series with its diffusion 
through the pit chambers 
permanent pit membrane pores and 
that bound water diffuses through the 
pit membrane substance 
the water-vapor diffusion 
through the permanent pit membrane 
pores. series with the vapor diffu- 
sion through the fiber cavities and 
parallel with vapor diffusion through 
the pit chambers and both types 
diffusion through the pit membranes 
diffusion bound water through 
the part the cell walls that dis- 
continuous the direction diffu- 
sion. parallel with this whole com- 
plicated system continuous bound- 
water diffusion through the continu- 


ous part the cell walls. These three 


diffusion paths are illustrated Fig- 
ure Combining these diffusion paths 
the conventional method for com- 
bining conductors series and parallel 
gives combined tangential diffusion 
coefficient. this equation: 


the bound-water diffusion 
coefficient, 

=the free water-vapor dif- 
fusion coefficient through 
fiber cavities and pit 
chambers, 

hindered water-vapor 
diffusion coefficient through 
the permanent pit mem- 
brane pores resulting from 
the fact that the size 
large number the open- 
mean free path the dif- 
fusing vapor (12), and 

v/v, the average specific volume 
the wood divided the 
average specific volume 
the wood substance plus 
water. This factor converts 
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the data from volume 
wood substance volume 
wood basis. 


The other symbols represent effec- 
tive structural dimensions. The num- 
ber fibers transversed per centi- 
meter the transverse directions for 
softwoods, has been shown aver- 
age close 300 for both the radial 
and the tangential directions (5). The 
fractional part the average fiber 
width that made fiber cavity 
width for water-swollen fibers, 


can obtained from the 
equation, assuming that the cross sec- 
tion the fibers rectangular: 


where: 


the fractional void cross sec- 
tion water-swollen wood, 


the specific gravity the 
wood 
basis, 


the specific volume the 
dry wood substance deter- 
mined the non-adsorbed, 
non-penetrating gas, helium 
(0.685 for spruce), 


the fiber saturation point 
the wood fractional 
basis, taken 0.30 


=the average density the 
adsorbed water the fiber 
saturation point (1.115 for 


Equation thus reduces to: 


The corresponding equation for dry 
wood is: 


where, the specific gravity 
the wood oven-dry basis. This 
reduces 25°C. to: 


(6) 


The dry-volume specific gravity the 
wood, can calculated from the 
swollen-volume specific gravity, 
and the fractional cross-sectional 
shrinkage which approximately 
&mm, follows: 


the swollen and the dry average 
fractional width the fiber cavities 
relative the average fiber width. 
the average double cell wall thick- 


ness centimeters. can obtained 
from the equation: 
(8) 


the average thickness the pit 
membrane. has been estimated 
ters) for all softwoods. The quan- 
tity, the effective fractional cross 
section the cell walls made 
permanent pit membrane pores the 
tangential direction. This has been 
estimated 5.2 times for 
spruce from electro-osmotic measure- 
ments (4, 5). The quantity, the 
fractional cross section the cell 
walls made pit chamber open- 
ings. This has been microscopically 
that the value for the pit membrane 
area similar. Although the pit mem- 
branes have area perhaps twice that 
the pit chamber openings, large 
art the much thicker torus 
which will contribute little the dif- 
fusion compared the pit membrane. 
Fortunately, values for the combined 
diffusion coefficient calculated from 
equation are not significantly af- 
fected appreciable variation L,, 
and these quantities need 
not known with great accuracy. 
highly important using 
equation that the different diffusion 
coefficients the same units and 
that the concentration change ex- 
pressed the basis the same 
weight change per unit volume per 
unit weight the same part sys- 
tem under consideration. Diffusion 
normally expressed centimeters 
squared per second and concentration 
gradients grams per cubic centime- 
ter. For normal wood this will 
grams water per cubic centimeter 
total volume, that is, wood sub- 
stance plus water, plus voids. These 
units will hence used for D,, the 
transverse diffusion coefficient through 
wood. The bound-water diffusion co- 
efficient through wood substance ex- 
pressed terms grams bound 
water per unit volume wood sub- 
stance that moisture content. 
these units that the measured val- 
ues for metal-filled wood were ob- 
tained. proved most con- 
venient combining and val- 
ues leave the values these 
units and convert the water-vapor dif- 
fusion coefficients, D,, this basis. 
This, turn, makes necessary 
convert the combined and val- 
ues from the volume wood sub- 
stance the total wood volume basis 
obtaining calculated values. 
The bound-water diffusion 
cient was calculated from data for the 
diffusion bound water through 
metal-filled pine the across-the-fiber 
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directions (9) and from combina- 
tion data for the relative electrical 
conductivity the specimens below 
the fiber saturation point the three 
structural directions (9) and the dif- 
fusion measurements for bound water 
through metal-filled specimens the 
fiber direction (8). The values used, 
13.8 times square centimeters per 
second for tangential diffusion and 
17.4 times square centimeters per 
second for radial diffusion room 
temperature, are averages for the val- 
ues determined from rates water 
adsorption and swelling meal-filled 
specimens and from 
measurements. 


The bound-water 
cient for diffusion the fiber direc- 
tion through metal-filled wood has 
been shown increase with 
crease temperature proportionally 
with the increase the vapor pres- 
sure (8). The temperature also af- 
fects the equilibrium 
tent. has been shown that in- 
crease temperature decreases the 
equilibrium moisture content about 
0.1 percent per degree Centigrade 
increase temperature (11) (see Ta- 
ble 2). This reduces the effective 
moisture gradient 
reduces the effective values for 
temperatures above 25°C. (the tem- 
perature which the transverse val- 
ues were determined) amount 


estimated from Figure reference 
This graph gives the relationship 
between bound-water diffusion coefh- 
cients into metal-filled wood the 
fiber direction and the average mois- 
ture content. bound-water diffusion 
coefficient corresponding the vari- 
ous average moisture contents (the 
lower moisture content the driest 
face plus two-thirds the moisture 
content change) was obtained from 
the graph and its fractional value rel- 
ative the bound-water diffusion co- 
efficient for moisture content change 
0.30 grams per gram oven-dry 
wood was used calculating the 
value used equation For exam- 
ple, for tangential diffusion 
13.8 times (the value 
25°C.) times 760 per 23.75 (the 
vapor pressure increase correction) 
times 0.575 (the moisture gradient 
correction) equals 2.54 times 
square centimeter per second. The 
corrected values and the moisture 
content gradient correction values are 
given Table 


The free bulk water-vapor diffusion 
coefficients the basis grams 
water per cubic centimeter space, 
D,, were calculated for different tem- 
peratures using the experimentally de- 
veloped equation (2). 


1.75 760 


where: 


=the temperature degrees 
absolute, and 

=the prevailing atmospheric 
pressure. 


The latter averaged 755 millimeters 
mercury during the course the 
measurements; hence this value was 
used all the calculations. The 
values obtained from equation 
for each temperature were converted 
from the change grams per cubic 
centimeter space basis the change 
grams per cubic centimeter wood 
substance basis multiplying the 
values the former concentration 
change and dividing the latter con- 
centration change. 25°C. the 
change concentration grams 
water vapor per cubic centimeter 
space basis from the moisture 
content saturated vapor, 2.3 times 
10° grams per cubic centimeters 
zero grams per cubic centimeters for 
drying from the saturated. the dry 
condition. The corresponding mois- 
ture content change the wood sub- 
stance basis the weight water 
per unit weight dry wood, 0.30 
25°C., divided the volume 
swollen wood substance per unit 
weight dry wood, that the spe- 
cific volume swollen 
stance, 0.955 25°C. (0.685 
0.30/1.115; 0.685 being the specific 


Table 1.—EXPERIMENTAL AND THEORETICAL DIFFUSION COEFFICIENTS FOR 


Drying Swollen Volume 
Temperature Specific Gravity 
(°C.) 
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TANGENTIAL AND RADIAL DIFFUSION 


Diffusion Coefficients 


Experimental 
Initial Moisture Ratio 
Content For Corrected Theoretical Experimental 
(Experimental) Actual Sp. Gr. Sp. Gr. 0.4 Sp. Gr. 0.4 Theoretical 
Tangential Diffusion 
0.47 0.49 0.65 0.75 
29.1 0.35 0.53 0.81 
29.0 0.92 0.92 1.47 0.63 
28.6 0.63 0.70 
28.9 1.22 2.71 0.45 
29.4 0.97 1.45 0.54 
29.4 1.85 1.97 4.05 0.49 
1.54 2.40 0.59 
28.6 3.78 4.35 7.10 0.61 
29.6 3.25 4.47 0.63 
Radial Diffusion 
28.5 0.53 0.60 0.80 0.75 
28.0 0.52 0.66 0.82 
29.6 1.10 1.34 1.82 0.74 
29.6 2.56 2.40 3.38 0.71 
30.0 1.89 0.74 
28.0 4.25 3.63 5.05 
30.4 3.03 3.80 0.75 
28.4 7.30 6.40 8.86 0.72 
28.2 5.30 6.55 0.74 
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Table 2.—DATA USED THE THEORETICAL CALCULATIONS 


Fractional 
Reduction 
due Moisture 
the Content 
Reduction Per Unit Volume 
Drying Fiber Gravity Fiber Moisture Void Swollen Wood 
Tempera- Saturation Adsorbed Saturation Content Volume Wood Substance Db, 
ture Point Water Point Gradient Basis Substance Basis Tangential Radial 
Weight (Volume 
0.30 1.115 0.269 1.00 0.595 0.315 1.89 1.38 1.74 
0.275 1.120 0.246 0.85 2.47 0.295 8.35 4.50 5.64 
0.255 1.125 0.725 6.54 0.280 23.3 9.80 1.23 
0.237 1.130 0.210 0.625 14.2 0.265 1.76 2.22 
100 0.225 1.135 0.198 0.575 22.8 0.255 89.5 3.20 
120 0.205 1.145 0.179 0.50 47.1 0.237 199.0 4.30 5.43 
considered the same for all temperatures and specific gravities, 
Lp=1x 


water per unit weight oven-dry wood. 
water per unit weight oven-dry wood. 


volume dry wood substance and 
1.115 the density adsorbed water). 
values grams water per unit 
volume wood substance are then: 


0.315 sec 
25°C. The values for the dif- 
ferent temperatures units suitable 
for combining with are given 
Table 

These values can used for 


calculating the diffusion water va- 
por through the fiber cavities and pit 
chambers softwoods. They are not 
suitable for calculating the diffusion 
through permanent pit membrane 
pores. This due the fact that 
large part the pores are smaller 
than the mean free path water va- 
por molecules atmospheric pres- 


sure. was previously shown 


under these conditions hindered dif- 
fusion occurs through the pits, which 
the case the limited number 
tests made Sitka spruce about 
1/40 the free diffusion (12). 


the present time corresponding 
data are available for pine. the fol- 
lowing calculations was assumed 
that the hindered diffusion 
cients, D,,, are 1/40 the free dif- 
fusion coefficient, D,,, all temper- 


atures. Even this value were error 
two-fold, would fortunately 
have only minor effect upon the 
calculations. 

Equation was used calculate 
the theoretical tangential diffusion co- 
efficients for softwoods having dif- 
ferent specific gravities ranging 
swollen volume basis from 0.2 0.8 
and different temperatures rang- 
ing from 25°C. 120°C. was 
also used for calculating theoretical 
basis the difference the values 
for the two transverse directions being 
entirely due differences the 
values, that neglecting the effect 
vapor diffusion through ray cells. Ta- 
ble gives the values and 
used the different temperatures and 
the pertinent data needed for their 
determination. Table gives the theo- 


Table 3.—PORTION THE DIFFUSION THAT OCCURS THROUGH EACH 
THE THREE POSSIBLE PATHS FOR WOOD HAVING DIFFERENT 
SWOLLEN-VOLUME SPECIFIC GRAVITIES 


Portion the Diffusion Occurring 


Swollen 
Volume Cavities Series 
Specific with Part the 
Tempera- Gravity Cell Walls 
ture Wood Type 
0.2 
0.4 
0.8 
0.2 
0.4 


Continuously 
Through the Re- 


Through the Fiber Through maining Part the 


Cell Walls 
Parallel with the 


Cavities Series 
with the Pit 


System Other Paths 
Type Type 
(Percent) (Percent) 
4.2 0.8 
10.1 3.9 
22.2 22.8 
5.3 0.7 
3.3 
4.8 8.2 


retical diffusion coefficients, well 
the experimental values and the ratio 
experimental theoretical values. 


Comparison Between Experimental 
and Theoretical Diffusion 
Coefficients 


Figure gives plot the loga- 
rithm the theoretical diffusion co- 
efficients different temperatures 
plotted against the swollen volume 
specific gravity the wood over the 
broad specific gravity ranges 0.2 
0.8. The plots show that the theoret- 
ical diffusion coefficients increase con- 
siderably with increase temper- 
ature and decrease specific grav- 
ity. The experimental diffusion 
cients this research are also plotted 
the same graph. All the theo- 
retical values are high compared 
the experimental values. This 
shown more clearly Table The 
experimental values were corrected 
the basis swollen-volume specific 
0.4 considering curves 
through the experimental points 
Figure parallel the theoret- 
ical curves. The table also gives the 
theoretical values for wood with 
swollen-volume specific gravity 0.4 
and the ratio the experimental 
the theoretical values. The ratios are 
all cases appreciably less than one. 
There is, however, little, any, ten- 
dency for the values decrease 
increase significantly with increase 
temperature. This indicates that the 
theoretical temperature coefficient 
substantial agreement with the exper- 
imental value; that is, the diffusion co- 
efficients are proportional the equi- 
librium vapor pressures. 

The low values for the ratio the 
experimental the theoretical diffu- 
sion coefficients could due the 
fact that the effective temperature 
within the wood less than the oven 
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Logarithm Transverse Diffusion Coefficients 


Experimental Radial Diffusion Coefficient 10°) 


120° 
100° 
88° 

Experimental Tangential Diffusion Coefficient 

Fig. 6.—Relationship between the experimental radial diffusion 
25°C. and the experimental tangential values. The dashed 


line represents the relationship between the theoretical 


and the theoretical tangential values. 


0.2 0.3 0.4 0.5 0.6 


0.7 0.8 


Swollen Volume Specific Gravity 


Fig. 5.—Relationship between the logarithm the transverse diffusion coefficients 
for softwoods and the swollen-volume specific gravity the wood six different 
temperatures. The curves are for the theoretically calculated diffusion coefficients. 
The upper one each pair for radial diffusion and the lower for tangential 
diffusion. Triangles, experimental radial diffusion; circles, experimental tangential 
diffusion values; arrows indicate the corresponding theoretical values. 


temperature that was used for obtain- 
ing the theoretical values. The effec- 
tive temperature should somewhere 
between the dry- and the wet-bulb 
temperature. could also due 
the theoretical bound-water diffusion 
coefficient being too high because 
too high values for D,. The transverse 
electrical conductivity wood that 
saturated with dilute salt solution, 
relative the conductivity the 
bulk solution with the same dimen- 
sions the wood, has been shown 
about one-third less than the cor- 
responding theoretical 
lated from combination the con- 
ductivities both series and parallel 
combination (1). appears that 
similar discrepancy may exist for 
transverse diffusion drying. value 
0.0078 was used for the fractional 
cross section the cell walls soft- 
wood effective for conduction the 
fiber direction percent moisture 
content the electrical calculations 
the basis structural considera- 
tions (5). This quite similar the 
ratio bound-water water-vapor 
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diffusion coefficients the same mois- 
ture content that were used the 
calculations this research, namely, 
0.0073. Other structural 
mental factors that were not taken 
into account the calculations should 
hence sought possibly further 
refine the theoretical values. 

Figure gives plot the experi- 
mental radial against the experimental 
tangential diffusion 
rected specific gravity 0.4. The 
dashed line represents the relationship 
for the theoretically calculated values. 
This ratio, 1.25, results almost en- 
tirely from the difference the 
bound-water diffusion coefficients 
the two transverse directions. in- 
cludes such differences cell wall 
alignment and effect annual rings. 
The experimental ratio radial 
tangential diffusion coefficients 
about 1.55. This greater experimental 
ratio compared the theoretical ratio 
probably due the contributing 
effect the ray cells radial diffu- 
sion. The effect ray cells was pur- 
posely neglected developing equa- 


tion avoid further complication 
the equation. More data are needed 
before the effect ray cells can 
quantitatively analyzed. 

possible analyze the step- 
wise solution equation and de- 
termine the extent which diffusion 
through the wood the three differ- 
ent structural paths affects the final 
combined diffusion coefficient. The 
combined vapor diffusion through the 
fiber cavities series with bound- 
water diffusion through the portion 
the cell wall that not continuous 
the direction diffusion, designated 
type diffusion, accounts for the 
major portion the diffusion 
cient. varies with the specific grav- 
ity the wood but not significantly 
affected the drying temperature. 
Decreasing the values from those 
used radial diffusion those used 
for tangential diffusion and decreas- 
ing them from the values used 
two-thirds these values order 
make the theoretical diffusion 
cients agree with the experimental 
values has small negligible effect 
upon changing the portion the dif- 
fusion that occurs through each the 
three distinct paths. Table shows 
the effect the swollen-volume spe- 
cific gravity the wood upon the 
portion the diffusion that occurs 
through each the three paths 
two extreme temperatures. The pro- 
portion the combined diffusion that 
cavity-wall diffusion decreases with 
specific gravity while 
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both cavity-pit 
diffusion increase. When all structural 
voids disappear, that is, when the 
swollen-volume specific gravity 
comes 1.05, cavity-wall and cavity-pit 
diffusion should disappear and con- 
tinuous-wall diffusion should entirely 
control the diffusion. 

what the combined diffusion 
cient would some means all 
pit membranes could removed and 
the pit chambers 
paths between two fibers. this case 
the term, 

L, 
equation drops out and 


substituted for 

L—L, 


Wood with swollen volume specific 
gravity 0.4 dried 50°C. the 
radial direction should have com- 
bined diffusion coefficient 2.36 
times 10-5 square centimeters per sec- 
ond contrast the value 0.805 
square centimeters per second 
for the normal wood. The rate dry- 
ing would thus only 2.93 times 
greater than that for normal wood. 
Under these conditions, the portion 
the diffusion that cavity-wall 29.5 
percent; cavity-pit, 69.2 percent; and 
continuous-wall, 1.3 percent. Even 
under these extreme conditions sig- 
nificant portion the diffusion 
still Type cavity-wall. 


Summary and Conclusions 


Experimental drying diffusion coef- 
ficients have been determined for lob- 
lolly pine sapwood both the tan- 
gential and radial directions from rate 
drying data from the fiber satura- 
tion point the oven-dry condition 
temperatures ranging from 50°C. 
120°C. The diffusion coefficients 
increase exponentially with 
crease temperature. The radial val- 
ues are about 1.55 times the tangen- 
tial values. This probably due 
combination reasons, such the 
contribution ray cells radial dif- 
fusion, the misalignment fibers 
the tangential direction, the concen- 
tration pits the radial faces, and 
the effect the annual rings. 

theoretical analysis diffusion 
water through softwoods was made 
the basis considering diffusion 
through the different structural com- 
ponents the wood combined 
parallel and series electrical 
conduction. The diffusion can con- 
sidered occur through three dif- 
ferent paths. Type cavity-wall, 
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What This Research Means 


The data indicate that the 
rate drying wood can 
analyzed considering 
the diffusion through the 
separate wood components 
series and parallel combi- 
nation manner similar 
electrical conduction. This 
improved understanding 
the relative effectiveness 
each the component struc- 
tures furnishes basis for 
sounder approach future 
improvement drying 
practice. 


combination bound-water diffusion 
through the portion the cell wall 
separating the fiber cavities the 
diffusion direction series combina- 
tion with water-vapor diffusion across 
the fiber cavities. Type cavity-pit, 
the diffusion through the pit sys- 
tem series with the fiber cavities. 
Type continuous-wall, the con- 
tinuous diffusion bound water 
through the portion the cell wall 
parallel with the fiber cavities. 
Equation represents the combined 
diffusion through these three different 
paths. Bound-water 
cients taken from previous research 
and water-vapor diffusion coefficients 
taken from the literature were put 
comparable basis and used the 
equation together with structural data. 
much the structural data pos- 
sible was expressed terms the 
specific gravities the wood. Calcu- 
lated theoretical diffusion coefficients 
for the swollen volume specific gravity 
range 0.2 0.8 and for tempera- 
tures ranging from 25°C. 120°C. 
are given Figure These values 
tend about one-third higher 
than the experimental values. Reasons 
for this will sought further re- 
search. The relative constancy the 
ratios for the experimental the 
theoretical diffusion coefficients indi- 
cate that the temperature coefficient 
for the experimental values must 
quite similar those for the theoret- 
ical values that are based the com- 
ponent diffusion coefficients being 
proportional the vapor pressure 
water the temperature under 
consideration. 


The Authors: Dr. Stamm, for- 
merly subject matter specialist the 
Forest Products Laboratory, holds 
Ph.D. from the University 
and now research professor, Depart- 
ment Wood Products, School For- 
estry, North Carolina State College. 
Wood Technology North Carolina State 
research assistant. 


following the steps the so- 
determine the portion the com- 
bined diffusion that controlled 
paths the three types. Under all 
the experimental conditions, cavity- 
wall diffusion chiefly responsible 
for determining the combined diffu- 
sion. varies from percent, for 
wood with swollen-volume specific 
0.2, percent, for wood 
with swollen-volume specific gravity 
able variations 


Equation can also used pre- 
dict what the diffusion would 
pit membranes were entirely removed 
and pits were entirely ineffective. 
Removing all pit membranes and 
making the pit chambers continuous 
paths between fibers should increase 
the diffusion coefficient for wood with 
swollen-volume specific gravity 
0.4 dried 50°C. about threefold. 
Entirely eliminating diffusion through 
pits should reduce the value only 
percent. This determines the pos- 
sible range rate drying wood 
due the theoretical extremes the 
nature the pits. 


More experimental data and further 
refinements the theory are needed 
before predictions drying rates can 
made truly quantitative. 
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New Houses: 


How Many are Built With 


170,000 Houses Classified 


The Forest Service making 
series studies obtain detailed in- 
formation the amounts and kinds 
wood used residential construc- 
tion. The first the series study 
wood use houses inspected 
the Federal Housing Administration 
during one part this 
study approximately 170,000 new 
single-family detached houses were 
classified according type founda- 
tion and exterior wall construction— 
two characteristics known affect the 
amounts and kinds wood used 
house. This classification was used 
determine the distribution house 
construction types within each seven 
geographic regions. 


the Southwest, 


Wood Frames but Nonwood Siding 


Seven out houses represented 
the sample were wood frame 
construction (table 1). But this ratio 
varied from out for the Gulf 
States nearly out for the 
Lake States and South Atlantic regions. 


One house out was classed 
having lumber, plywood, fiberboard, 
wood shake shingle siding. 
the Northwest, Central States, and 
Lake States regions more than one- 
third the houses were sided with 
one these wood materials, but 
South Atlantic, and 


*The Federal Housing Administration 
inspected about one out every four 
houses built the United States during 


DAVID HERRICK and 
ROBERT PHELPS 


Division Forest Economics and 
Marketing Research, Forest 
Service, Department 
Agriculture 


Gulf States percent the siding 
was nonwood. 


Forty Percent Concrete Slab 


new houses had basement crawl 
space—and floor support system 
made largely wood (table 2). 
the Southwest and Gulf States regions, 
however, most houses were built 
concrete slab. Nationwide, out 
every houses represented the 
sample were built slab. 

When completed, this study will 
provide information the amounts 
and kinds timber products used 
building homes, and the ways this 
use affected differences type 
construction, structure size, con- 
struction cost, and geographic location. 


Table 1.—TYPE EXTERIOR WALL CONSTRUCTION USED FHA-INSURED, SINGLE-FAMILY 


Exterior wall construction 


Wood frame (total) 


Plywood siding 
Fiberboard siding 


Nonwood siding 
Mixed siding 


Mixed 


DETACHED HOUSES, GEOGRAPHIC REGION, 
All Lake 
regions west west States 
Percent Percent 
100 100 100 100 


All 


than percent. 


1959 

Central Gulf 
States States Atlantic Atlantic 
Percent Percent Percent Percent 

100 100 100 100 


least percent the construction the exterior wall each house included construction type category the 
type indicated that category. For example, included under least percent the exterior wall house 
must wood frame construction: percent wood frame and percent masonry, the house classified con- 


struction. 


Table 2.—TYPE FOUNDATION USED FHA-INSURED, SINGLE-FAMILY DETACHED 


Type foundation 


Concrete 
Mixed 


All 


*Less than percent. 


HOUSES, GEOGRAPHIC REGION, 1959 
All Lake 
regions west west States 
Percent Percent Percent 
100 100 100 100 


Central Gulf North South 
States States Atlantic 
Percent Percent Percent Percent 


100 100 100 100 


split levels, and all other types with one portion built over basement crawl space, and another portion built 


concrete slab. 
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Two new grants have recently been 
provided the National Plant Food 
Institute for research forest fertili- 
zation. The financial assistance was 
provided Auburn University for 
work under the direction Dr. 
Mason Carter the effect nitro- 
gen and phosphate fertilizers upon 
iron metabolism southern pines, 
and the Georgia Coastal Plain Ex- 
periment Station for studies the 
growth slash and loblolly pines 
under drained and fertilized condi- 
tions. George Sparrow charge 
the Fleming, Ga., Tidewater Sta- 
tion where the latter work con- 
ducted. 


Wilford Dence, professor 
forest zoology, State University Col- 
lege Forestry, Syracuse University, 
has recently retired. had been with 
the College for its years, 
having been appointed the staff 
1920. 


The Office Cultural Exchange 
the Department State made 
Specialist” grant Dr. 
George Stern, research professor 
wood construction Virginia Poly- 
technic Institute for 20-day lecture 
tour England, Sweden, and Finland 
during September. While England 
represented the the First 
International Conference Timber 
Engineering, which was held the 
University Southampton. 


Claude McMillan has been 
named Marketing and Advertising 
Manager for the Atkins Saw Division 
the Borg-Warner Corp. 


The appointment Jack Horth 
Chief Engineer the Woodwork- 
ing Machinery Division Yates- 
American, Beloit, Wisconsin, was an- 
nounced Mr. Gallagher, Pres- 
ident. Mr. Horth was formerly staff 
engineer Mattison Machine Works, 
Rockford, Illinois. 


Dr. Nicholas Muhlenberg, forest 
economist, has been appointed lec- 
turer the University California 
School Forestry Berkeley for the 
fall semester. will teach under- 
graduate course and graduate sem- 
inar forest economics. Muhlenberg 
served forestry officer the Food 
and Agriculture Organization Ge- 
neva, Switzerland, during the past 
year. 


Mr. Howard Smith, formerly 
manager for The 
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Carborundum Company, was ap- 
pointed purchasing agent, according 
announcement Mr. George 
Zimmerman, vice president and 
controller the company. 


Cecil, purchasing agent for 
Southern Desk Company Hickory, 
C., has been promoted purchas- 
ing agent for lumber for Drexel En- 
terprises, Inc., effective early October, 
was announced recently Sam 
Freeman, director purchasing. 


The St. Regis Paper Company has 
awarded its undergraduate scholarship 
forestry the northeastern United 
States for the academic year 
Thomas Leavitt, junior for- 
estry student the University 
Massachusetts, Amherst, Mass. The 
Northwest award was made Ed- 
mund Bodyfelt, sophomore 
the College Forestry, Oregon State 
University, and the Southern awards 
are announced the near future. 


Mullenmaster, vice-president, 
director Owatonna Tool 
Company, Owatonna, 
nounces the appointment Richard 
Schuster the position Adver- 
tising and Sales Promotion Manager. 
Mr. Schuster has previous advertising 
experience with the National Tea 
Company, several newspapers, and for 
the past three years assistant OTC 
advertising manager. 


Pollingue, Jr., has been ap- 
pointed sales representative for the 
driQuik line ceramic-type electric 
infrared industrial drying ovens, man- 
ufactured the Dry Clime Lamp 
Corp., Greensburg, Ind., for Chicago 
and the northern half Illinois. Mr. 
Pollingue has had extensive experi- 
ence the application infrared 
drying equipment. 


Charles Dickey, Jr., vice pres- 
ident Scott Paper Company, has 
been elected the corporation’s board 
directors fill the vacancy created 
the resignation Stanley Resor. 
Mr. Resor had been closely associated 
with Scott since 1927 when Walter 
Thompson Company first began 
handle the company’s national adver- 
tising. has served Scott’s board 
directors since 1952. 


David Levine has been named 
market research manager for United 
States Plywood Corporation. Levine 
joined the company 1958 
senior research analyst. now heads 
development marketing studies and 
sales forecasts for the firm’s 145 dis- 
tribution centers throughout the 
United States and Canada. 


This service free members FPRS. 
Please keep items brief possible. The 
staff retains the right condense edit 
all items published free charge. Display 
ads boxed items are per column inch. 


Positions Offered 


E-431—Product development engineer 
with experience compression mold- 
ing and particleboard research and de- 
velopment wanted. Replies will 
kept strict confidence. Salary line 
with experience. (Oct. and Nov.) 


Employment Wanted 


655—Chief Executive officer 
wood products manufacturing and 
distributing firm, seeks new challenge 
sales, training, public relations. 
Would retain financial interest cur- 
rent company. B.S. degree. Heavy ex- 
perience wood mouldings, interior 
trim, sales lumber dealers. (Nov. 
and Dec.) 


656—Wood technologist, B.S. and 
M.F. from eastern university, desires 
relocate east southeast. Eight 
years’ experience includes cabinet pro- 
duction, glues, plastic laminates, par- 
ticleboard, wood preservation, and 
public relations. Desires supervision 
production, applied research, for- 
est-plant utilization problems. Mar- 
ried, children, age 39. (Nov. and 
Dec.) 


657—Wood utilization major, B.S. 
forestry from Virginia Univer- 
sity, desires position wood-using 
industry related field. Will grad- 
uate Feb., 1962, years age, 
married, one child, military ob- 
ligation. Will consider any position 
offered, and will available for 
work immediately. Civilian li- 
cense. (Nov. and Dec.) 


658—Desires position production, 
quality control, development, 
management. 1961 graduate lowa 
State University, B.S. wood utili- 
zation. Completed military obliga- 
tion, age 26, children, available 
November (Nov. and Dec.) 


659—Position wanted lumber, 
plywood, related industries 
production quality control, man- 
agement studies, technical service, 
product development. Twelve 
years’ experience lumber and ply- 
wood, B.S. Forest Products. Thor- 
oughly familiar with these phases 
Western operations. Age 37, mar- 
ried, children. (Nov. and Dec.) 
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Reader 


Many readers the FOREST PRODUCTS 
JOURNAL would like additional information 
Products the New Products Section 
New literature reviewed the New 
Literature Section 
Reprints technical articles appearing 
this issue the JOURNAL 
Each new product, new literature, techni- 
cal article carries code number. Circle the 
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Send only check money order. Special rates 
are available bulk orders. Other items are 
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Five volumes Annual Proceedings—1947-1951—are 


yours charge except for postage and handling 


placing your order, use the 
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Order your set five volumes 
now. Supply limited. 


1947—Vol. 1—UTILIZATION, ENGINEERING, PRESERVATION, SEA- 
SONING. papers, 344 pp. 


cover: whole wood fiber manufacture; lignin chemistry; processing 
pine gum; paper and plastic overlays for veneer and plywood; integrated 
utilization; trends logging; pulpwood logging developments eastern 
Canada; building codes postwar wood construction; engineering prob- 
lems prefabricated homes; postwar packaging field; functional furniture; 
postwar woodworking glues; metal wood bonding; high frequency 
woodworking; wood finishing; the use car treated lumber; fence posts; 
untapped market for the wood preserver; acid-proofing wood; the 
seasoning wood vapor organic chemicals; kiln design; 
tungsten carbide developments; and tight cooperage plywood. 


FIBER PRODUCTS, BARKING, FINISHES, 
MACHINERY, HEATING. papers, 500 pp. 


Articles cover: economics wood-waste utilization; losses Redwood 
logging; small log gang sawmill; utilization low-grade hardwood lum- 
ber; wood-distillation industry; sawdust carbonization; animal feeds from 
wood residue; small wood briquetting machine; special machines for utili- 
zation waste slabs for glued core stock; interior trim from wood waste; 
wood-fiber production with revolving disk mills; effect some manufactur- 
ing variables the properties fiberboard prepared from milled Douglas- 
Fir; small hydraulic log barker; mechanical methods bark removal; 
studies the chemical composition bark and its utilization for structural 
boards; research industry laboratories; history furniture finishes; 
finishes resistant alcohols and acids; low-bake synthetic finishes; simple 
testing methods for finishers; planning floor space for woodworking equip- 
ment; maintenance and operating practice for tungsten carbide tools. 


1949—Vol. MATERIAL, FURNITURE, PLYWOOD, UTILIZA- 
TION, GLUES, SEASONING. papers, 607 pp. 


Articles cover: more wood per acre; integrated wood utilization Crossett; 
harvesting sawlogs; portable wood chippers; wood fibers from veneer waste; 
small permanent-type sawmills better forest utilizatiton; pulpwood han- 
dling the Lake States; tropical wood research for the furniture indus- 
try; effect plywood glue lines the accuracy 
cations; No. common Northern hardwood lumber for mechanized process- 
ing into glued products; cut stock from western softwoods; assembly 
material furniture manufacture; supplementing wood with metal 


Inside 


(Outside the S., $5.00) 


furniture manufacturing; extending hot press urea resin with wheat and 
rye flour; furniture finishes; lumber core panels; rotary veneer cutting; 
molding plywood; insert-point circular headsaws; ills besetting the furni- 
ture industry; utilization Redwood bark; utilization waste sulfite 
liquor concrete; semichemical dry-formed boards bonded with 
resins; wood, plywood and hardboard; compreg-resin-treated 
wood; wood preservatives; wood boring beetles; ignition temperatures 
fireproofed wood, untreated sound wood, and untreated decayed wood; 
wood waste disposal and air pollution control the Los Angeles area; 
pulp mill pollution; chemical composition Ponderosa and Sugar Pine 
barks; lumber recovery from Douglas-Fir logs British Columbia; resin 
adhesives; development working stresses for stress-grade lumber; design 
and performance laminated wood glued laminated wood, glued 
laminated Wej-weld frames; radio frequency heating. 


1950—Vol. CONTAINERS, QUALITY CONTROL, PLY- 
WOOD. papers, 506 pp. 


Articles cover; quality second growth Douglas Fir; grading problems; 
quality control and the improved seasoning processes the Redwood indus- 
try; saw teeth action; lumber research meet modern competition; 
hardwood log grading; recent developments containers: 
method utilizing and fabricating waste lumber; tests strapped and 
lightweight lettuce crates; recent developments containers; papermaking 
fibrous raw materials; utilization low-grade hardwoods and 
relation between wood and pulp properties; power vs. hand falling and 
bucking logging operations; handling pulpwood; quality coutrel 
sawmill operations; hardwood plywood quality control; quality control 
furniture production; defect detection equpiment non-destructive testing. 


1951—Vol. V—MILLING, MACHINING, PRESERVATION, UTILIZATION, 
GLUES, KILN DRYING. papers, 400 pp. 


Articles cover: circular sawmills the Tennessee Valley region; quality 
control lumber manufacture, gangsaws the manufacture southern 
pine tropical hardwood production, logging and military equip- 
ment availability; defense and the availability woodworking equipment; 
the importance wood the mobilization program; mobilization require- 
ments for technical men the woodworking industry; lumber conservation 
military procurement and container design; military requirements for 
wood packaging; wood requirements for specialized military uses; the 
place small business the military procurement program; marine lam- 
inating; selecting White Oak for bending lumber; machinability studies; 
carbide cutting tools the wood industry; carbides; fire retardant treated 
lumber; wood preservation with particular reference creosote; what the 
furniture industry expects from college-trained men; the scope and objec- 
tives college training; graduate training forest products technology. 
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Rafters, Inc. 
Olivia, 
(Upper Miss! 
This and our 
You 


ALABAMA 
Budow Mfg. Co., Inc., Birmingham 
International Paper Co., Mobile 


ARKANSAS 
The Crossett Co., Crossett 
Dierks Forests, Inc., Hot Springs 
Poinsett Lumber Manufacturing 
Co., Trumann 
Potlatch Forests, 
Southern Div., Warren 


California Redwood Association, 
San Francisco 

Chapman Chemical Co., Palo Alto 

High Sierra Pine Mills, Inc., 
Oroville 

Merit Products, Inc., Los Angeles 

Scott Lumber Co., Inc., Burney 

Ralph Smith Lumber Co., 
Anderson 


ILLINOIS 
The Dean Company, Chicago 
General Electric Co., Ill. Cabinet 

Plant, Rockford 

Greenlee Bros. Co., Rockford 
Edward Hines Lumber Co., Chicago 
Masonite Corporation, Chicago 
Mattison Machine Works, Rockford 
The Sherwin-Williams Co., Chicago 


INDIANA 
National Homes Corp., Lafayette 


LOUISIANA 
Higgins Industries, Inc., New 
Orleans 


MARYLAND 
Wells Co., Salisbury 


MASSACHUSETTS 
Draper Corp., Hopedale 
Spalding Bros., Inc., 
Chicopee 


MICHIGAN 
Armstrong Machine Works, Three 
Rivers 
Baker Furniture, Inc., Holland 
The Dow Chemical Co., Midland 
Everett Piano Co., South Haven 


MINNESOTA 
Machine Co., 
Minneapolis 
Minnesota Mining Manufacturing 
Co., Saint Paul 
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Sonford Products Corp., 
Minneapolis 


MONTANA 
Intermountain Lumber Co., 
Missoula 


NEVADA 
Vaughn Millwork Co., Reno 


NEW JERSEY 
Western Electric Co., Kearny 


NEW YORK 

American Defibrator, Inc., New 
York 

Corp., Troy 

The Borden Chemical Co., New 
York 

National Starch and Chemical 
Corp., New York 

Oval Wood Dish Corp., Tupper Lake 

Pierce Stevens Chemical Corp., 
Buffalo 

United States Borax Chemical 
Corp., New York 

United States Plywood Curporation, 
Brewster 


NORTH CAROLINA 
Barrow Manufacturing Co., Ahoskie 
Reichhold Chemicals, Inc., Charlotte 


OHIO 
American Machine Foundry Co., 
Shelby 
The Baldwin Piano Co., Cincinnati 
Coe Manufacturing Co., Painesville 
Kirk Blum Manufacturing Co., 
Cincinnati 


OREGON 

Inc., Bend 

Cascades Plywood Corp., Lebanon 

First National Bank Oregon, 
Portland 

Forest Fiber Products Co., Forest 
Grove 

Corp., Portland 

Marsh 
Company, Portland 

Mater Division, Appleton Machine 
Co., Corvallis 

Neils Lumber Co., (Division 
St. Kegis Paper Co.) 

Oregon Lumber Co., Baker 

Portland Iron Works, Portland 

Rader Pneumatics, Inc., Portland 

Snellstrom Lumber Co., Eugene 


West Coast Lumbermen’s Assn., 
Portland 
Western Pine Assn., Portland 


PENNSYLVANIA 
Koppers Company, Inc., Pittsburgh 
Perkins Glue Co., Lansdale 
Industries, Inc., 
Kreamer 


TENNESSEE 
Bruce Co., Memphis 
Memphis Hardwood Flooring Co., 
Memphis 
Nickey Brothers, Inc., Memphis 
Carlton Smith Industries, Inc., 
Memphis 


TEXAS 
Kirby Lumber Corp., Houston 
Love Wood Products Co., Diboll 
Robertson Tank Lines, Evadale 
Southern Pine Lumber Co., Diboll 
Tri-State Machinery Co., Dallas 


VERMONT 
Beecher Falls Mfg. Corp., Beecher 
Falls 


WASHINGTON 

Co., Seattle 

Lumber Co., Omak 

Cascade Lumber Co., Yakima 

Chelan Box Mfg. Co., Chelan 

Douglas Fir Plywood Association, 
Tacoma 

International Paper Co., 
Div., Longview 

Simpson Timber Co., Seattle 

Sumner Iron Works, Everett 

Weyerhaeuser Co., Tacoma 


WISCONSIN 
Chain Belt Co., Milwaukee 
Decar Plastic Corp., Middleton 
Harnischfeger Homes, Inc., Port 
Washington 
Murray Manufacturing Co., 
Wausau 


CANADA 

British Columbia Forest Products 
Ltd., Vancouver 

British Columbia Lumber 
Manufacturers Assn., Vancouver 

Canadian Forest Products, Ltd., 
New Westminster 

Dominion Electrohome Industries, 
Ltd., Kitchener 

MacMillan, Bloedel Powell River 
Ltd., Nanaimo 
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